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PREFACE

The Committee on Continuity In Academic Research Performance of the
National Research Council evaluated the potential impact of reduced
hiring of new faculty on che vitality of academic research in science
and engineering. The parameters influencing entry to and exit from
research careers and factors Influencing vitality and change in research
performance were examined. The Committee's report "“Research Exceillence
Through the Year 2000" was strongly influenced by early access to papers
and discussions presented in a workshop of experts in Ph.D. labor market
forecasting and analyses conducted by Committee members in the course of
their work.

I am pleased that these contributors have made avaliable the papers
presented here. These papers will aid users of the Committee report in
implementing or extending its findings. They should be useful as well
in encouraging further research on problems of lgbor market forecasting
and sclience productivity.

Robert M. Bock

Dean of the Graduate School
_ University of Wisconsin - Madison

Chalrman

Committee on Continuity in
Academic Research Performance
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CHAPTER |
INTRODUCT ION

Michael S. McPhersen
Williams College

The chalienge of maintaining and strengthening the Amerlcan research
enterprise in an era of low or no growth in student populations and tight
research funding has become a major preoccupation of scholars and policy
makers concerned with American science and engineering. Among the worries
is the potential danger that restrictions on the capacity of universities
and colleges to hire new faculty may choke off an important source of
vitality and creativity In the academic research enterprise. There is
clear evidence, as shown In Figures 1.1 and 1.2, that significant declines
in the representation of "recent'' Ph.D.'s (within seven years of the
degree} on university faculties in a number of science and engineering
fields have already occurred. The Prospect of low or no growth in the
higher education system coupled with unusually low retirement rates over
the next ten years has led many observers to expect these trends to

continue and worsen.

As part of its continuing effort to monitor and evaluate this potential
problem, the Natlonal Science Foundation in early 1979 asked the National
Academy of Sciences to undertake a study of furure demand for faculty, and
the potential consequences for research effectiveness of further declines
in hiring rates., In response to this request, the Commission on Human
Resources of the National Research Council called together the Committee on
Continuity in Academic Research Performance, chaired by Dr. Robert M. Bock,
to perform the study. The Committee was charged with evaluating existing
projections of the demand for young faculty in the various fields of science
and engineering, with assessing the potential damage (if any) to the research
enterprise that might result from declines in the representation of young
persons on science and engineering faculties, and with recommending to the
NSF and other federal agencies appropriate policies to counteract such
damaging effects as were anticipated.
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FIGURE 1.1

PROPORTION OF YOUNG DOCTORATES AMONG FULL-TIME FACULTY

IN SELECTED SCIENCE AND ENGINEERING DEPARTMENTS
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FIGURE 1.2
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The Committee concluded that substantial declines in the rate of
hiring of new faculty were quite likely in some science and engineering
fields and that such declines, if allowed to occur, might seriously im-
pair the effectiveness of the academic research effort in those fields.
The Committee recommended that the National Science Foundation combat
this problem by initiating a program of ''Research Excellence Awards'
in selected fields. These would be five-year, nonrenewable awards to
tenured or non-tenured faculty members nominated by their departments.
The awards would provide partial salary support to award recipients, with
the university funds thereby released to be directed to the hiring of
additional new faculty in the recipient's department. A full account of
the Committee's analysis and recommendations can be found in its report,
Research Excellence Through the Year 2000: The Importance of Maintaining

A Flow of New Faculty into Academic Research.

In the course of its work, the Committee asked a number of experts in
relevant fields to provide papers bearing on its concerns. Many of these
papers were first presented at a Workshop of Specialists in Forecasts of
Demand for Scientists and Engineers, which was convened by the Committee
on April 30-May 1, 1979 in Washington, D.C. Other analytical papers were
prepared later at the Committee's request, some authored by workshop par-
ticipants and others by committee members.

The present volume makes a selection of these analytical papers more
widely available. The papers not only provide important analytical back-
ground for the analysis of policies toward academic research personnel, but
also make important and original contributions to the analysis of faculty
labor markets. A major reason for making them available is the hope that
they will help encourage further research on this important and difficult
range of problems.

The early papers in the volume focus on alternative approaches to
modeling the demand for faculty. The papers by Charlotte Kuh and Roy Radner
and by the Nationa) Science Foundation represent attempts by the respective
authors to extend thelir well-known earlier projection studies to focus more

explicitly on the demand for new faculty in science and engineering. The

13
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Kuh-Radner results seem to point to a somewhat larger decline in academic
hiring opportunities in science and engineering than do the NSF results,
and the two papers both make attempts to account for this difference.
These accounts are, however, themselves somewhat hard to reconcile, and
Donald Hernandez in chapter IV provides an instructive comparison of the
structure of the two models, and a helpful methodological analysis of

the problems encountered in attempting to arrive at a conclusive ex-
planatlion for differences in the projection results.

In chapter ¥, Richard Freeman introduces another important set of
modeling issues, by attempting to demonstrate econometrically the impor-
tance of accounting for the responses of individuals and institutlons
to economic incentives in modeling the market for college faculty. The
paper breaks new ground, especially in its analysis of the responses of
not-for-profit institutions to economic incentives.

Chapters VI and VIl turn from gen;ral issues in the modeling of
faculty demand to analysis of demand for faculty in specific fields of
science and engineering. Lee Grodzins' paper extends his earlier writings
on the job.situation in physics by developing a long-term model of the
demand for physics faculty and by analyzing the expected effects of govern-
ment programs designed to increase the demand for faculty. As in his other
work, Grodzins' paper combines the employment of an unusually rich data
base with the use of the simplest possible modeling framework. Charlotte
Kuh's paper reports on the application of the basic Radner-Kuh mode} of
faculty demand to data for the several broad fields of sclence and engineer~
ing. The results confirm the famitiar Radner~Kuh projection of a signifi-
cant shortage of openings for new faculty, but with some interesting and
thought provoking surprises. These early results on projections for specific
fields are likely to stimulate considerable controversy and further research

efforts.

Barbar; Reskin's critical review of the literature on age and scientific
productivity in chapter VIl ) moves the focus from discussion of projected
numbers of young faculty in science and engineering to assessment of the

significance for sclientific research of a changing age distribution of
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researchers. Her survey indicates that, contrary to popular myth, youth
per se is not strongly correlated with available measures of productivity
for individual scicntists, If a flow of new faculty matters to science
productivity, it apparently is not because 'young" scientists are in-
herently better than 'old" scientists. it is more likely that the hiring
of young faculty has served as a vehicte for the infusion of new ideas,
techniques and research directions into academic departments. and as the
occasion for departments to revise their staffing in light of changes in
research interests and needs. This diagnosis differs importantly from one
which puts the emphasis on youth as such, and points to rather different

policy implications.

The concluding chapter by Fred Balderston and Michael McPherson offers
an overview of the issues raised in the volume and an assessment of the
present state of our understanding of those issues. Drawing heaviiy on
the discussion at the Forecasting Workshop, the paper identifies areas
needing further research and discusses the implications for intelligent

policy making of the limitations on our present knowledge.

15




CHAPTER 11

NATIONAL SCIENCE FOUNDATION MODELS
OF THE FLOWS OF ACADEMIC PERSONNEL

~

Olvision of Science Resources Studies
National Science Foundation

Since 1968 the National Science Foundation (NSF) has monitored the
Tevel of representation of younger scientists and engineers on the facul-
ties of universities and colleges. A succession of Foundation surveys has
recorded an unbroken downward trend in the proportion of science and engi-
neering doctoral faculty who have held thelr degrees for seven years or
less (National Science Foundation, 1968, 1975; Atelsek and Gomberg, 1976,
i379).1! Projections made by Roy Radner and Charlotte Kuh indicate further
declines in the proportion of younger faculty through 1990 {(Radner and Xuh,
1978). The Foundation took two steps to evaluate the Radner-Kuh and related
forecasts and to determine whether ameliorative federal actions are peeded
to increase the number of younger faculty. The first was to have its own
staff project the future representation of younger science doctorates in
academia. The second involved requesting the National Academy of Sciences
to study the broad policy issue of the role of younger scientists and
engineers and to recommend whatever federal programs might be peeded to
ensure an adequate level of employment of younger faculty. This request Jed
to the creation of the Committee on Continuity in Academic Research Per-
formance and to the convening of the Workshop of Speclalists in Forecasts of
Demand for Scientists and Engineers. This short paper describes the pro-
jection activities of NSF staff.

I. Projections Reported at the Workshop of Specialists in
Forecasts of Demand for Scientists and Engineers

At the April 30-May 1, 1979 meeting of the Workshop, NSF staff presented
projections of the proportion of academic science and engineering doctoral

1!A new survey of ''Research Participation and Other Characteristics of

Recent Science and Engineering Faculty' will be conducted in spring 1980.

16
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staff primarily engaged in teaching,z! who in 1987 will have held their
degrees for seven years or less. Subsection A briefly outlines the steps
which produced these projections. Subsection B discusses the data and
assumptions used in making these estimates, and Subsection C compares the
results of these early NSF forecasts with those from the Radner-Kuh model.
The estimates were intended for interim use until NSF staff could develop
a more sophisticated computer model to simulate the flow of personnel
through academia. The last section of this paper provides a progress
report on this model.

A. Steps in Projecting 1987 Employment of Recent Doctorates

The NSF model discussed at the Workshop (NSF-1) produced 1987 estimates
through the following steps. First, the 1977 academic base population was
divided into four groups based on possession of a Ph.D. and tenure status.
Those without tenure were then split into those who were assumed tO receive
tenure by 1987 and those who would not. The latter group was assumed to
leave the academic population before 1987. The number of those who either
held tenure in 1977 or would receive it in subsequent years was then reduced
to reflect deaths and retirements between 1977 and 1987. This "surviving
1977 population' was subtracted from projected 1987 employment to arrive
at an estimate of the total number of staff employed in 1987 who were
not empioyed ten years earlier. This estimate was then multiplied by the
proportion of hires assumed to have doctorates to arrive at H, the number
of doctorates employed in 1987 who were not in the 1977 pase population.

On the assumptions (a) that annual hiring is constant over the projection
period, {(b) that each person hired remains seven years and then either
receives tenure or leaves, and (c)} that the fraction receiving tenure is
a constant (¢}, the following formula expresses the estimated ratio (R}
of recent doctorates (those holding degrees seven years or less) to total
doctorates in 1987. Doctorate staff employed in 1977 and 1987 are
representqﬁ by S.

R = H{1-,3t)
H+S

2/Staff primarily engaged in teaching, rather than faculty, served as
the subject of these projections because the only readily available infor-
mation on the 1977 poputation was contained in Human Resources for Scientific
Activities at Universities and Colledes. January 1977, NSF 77-321. This
publication reports staff but does not distinguish between those who have
faculty status and those who do not. Ffurthermore, postdoctorates are in-
cluded in staff primarily engaged in research. To exclude postdoctorais,
antv sraff orimarilv enqaged in teaching were the base population for NSF-I.
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The term (=.3t) removes from H that group who were hired in 1977, 1978,
and 1979 (who would not be recent in 1987 because they would have held
thelr doctorates more than seven years} and who are stil) present in 1987
because they received tenure.él

B. Chief Data Sources and Assumptions of NSE-]

(1)} cCharacteristics of the Academic Staff Base Population in 1977

The January 1977 NSF Survey of Scientific and Engineering Personnel

Emploved at Universities and Colleges provided the pnumber of full-time

staff primarily engaged in teaching divided Into those with Ph.D.'s and
those without. About 67 percent of the 155,000 In the base population
held doctorates. |t was assumed that the 1977 proportions of doctoral and
nondoctoral staff with tenure were equal to the fractions found in the NSF
Survey of Faculty Research Activities, Spring 1974 (Nationai Science Foun-

dation, 1975). These proportions were 7i percent and 54 percent, respect-
ively. (Data later available from the National Academy of Sciences' 1977
Survey of Doctorate Recipients (National Research Council, 1978)) indicate
that the fraction of doctoral faculty with tenure was approximately

70 percent.

(2} Projection of 1587 Employment

The 1977-87 relative change in employment of the base population was
assumed to be equal to that reported in Projections of Science and Engi-
neering Doctorate Supply and Utilization, 1982 and 1987 (NSF 79-303}. For

that report future academic utilization was estimated with the use of
regression equations which relate employment to baccalaureate awards {used
as an index of demand for academic staff). The report projects 1987 empioy-
ment for each of five major fields: the physical, mathematical, 1ife, and
social sciences and engineering. (See Appendix for the projection
equations.) An aggregate 1977-1987 growth rate for all fields combined was
derived for use with NSF-1.

Regression equations, when used as a basis for projecting academic

employment, offer an advantage over the most often used alternative technigue

2-/Thls formula reflects the specific characteristics of a ten-year

projection period. (The three years 1977-1979 are .3 of the ten years
between 1977 and 1987.)

1R
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which is to assume that student-staff ratios will remain constant during

a projection period. This advantage stems from the fact that regressions
relate employment to degrees, or other independent variables., at the
margin. Thus each additional 100 baccalaureate awards are statistically
associated with the employment of a particular number of additional staff.ﬂf
This is in contrast to assuming constant student-staff ratios which imply
that the average relation between students and staff observed at the time
the projections were made will remain unchanged. The steady rise in the
academic employment of scientists and engineers since 1974--a period when
science and engineering degrees have not grown--raises significant questions
about assuming that the ratio of students to staff will remain constant

during a projection period.

Baccalaureate degrees, the demand variable in the regression equations,
were projected for the four science fields by assuming that trends existing
as of 1976 in the numbers of baccalaureate degrees awarded by field and
sex would continue through |98?.é/ The future rate of change, however, was
assumed to be one-half the existing rate. The assumption that_existing
trends would continue was based on the judgment that the factors that pro-
duced them would still be operational during the projection period. These
include a continued shortage of jobs for social sciences baccalaureates
and continued growth in female participation in science. Ffor engineering.
future awards were projected with an approach that related engineering

baccalaureates to supply and demand factors.

Eflf the values of all variables in the regression are transformed into
logarithms, the coefficients may be interpreted as elasticities which equal
the ratio of the percentage change in the dependent variable associated
with the percentage change in the independent variable.

éjTrends were assumed to begin either in 1960 or whenever the number of
baccalaureate awards began a clear period of growth or decline. The only
exception is male social science baccalaureates where a 1972-76 period is
used rather than 1974-76. Although degrees did not begin to drop until
1974, the fall was so precipitous that use of the 1974-76 period as a basis
for extrapolation would lead to extremely low projections of 1987 male
social science baccalaureates. The following years mark the beginning of
the trends used in projection of baccalaureate degrees: physical sciences,
men=-1966 and women=--1969; mathematical sciences. men and women--1970;
life sciences, men and women--1960; social sciences. men-=-1972 and women--1974.

19




The decision to halve existing rates was based upon the historical
relationship between science and engineering baccalaureates and the sum of
all baccalaureates and first-professional degrees which had remained in a
narrow 28-32 percent band over the past 21 years. Estimated 1987 bacca-
laureate and first-professional degrees were obtained from projections
produced by the National Center for Education Statistics (NCES, 1978).

The 1977-87 growth of science baccalaureates was adjusted until the sum of
these awards and engineering degrees fell within this 28-32 percent range.
The NCES Projections were produced with a demographically based model.
Consequently, the NSF science and engineering baccalaureate projectlons,
although based primarily on attenuated extrapolations, implicitly conslidered
demographic factors.

Baccalaureates are not an ideal index of demand. but are a Proxy for
better measures of faculty requirements such as enroliments by field.
The latter, unfortunately, are unavailable at the undergraduate level,
in addition, numbers of degrees awarded may not adequately account for
future demand for staff for research activities. This problem could arise
if requirements for teaching and research activities do not maintain the
relation which they have had in the past.

(3} Projection of Attrition of 1977 Staff Due to Death and Retirement

A weighted average of the attrition rates used for the five science
and engineering fields in NSF 79-303 was applled to the 1977 academic labor
force in NSF-1 to account for deaths and retirements through 1987.
NSF 79-303 used age-specific mortality rates obtained from the Teachers
insurance and Annuity Association (TIAA) and 1973 field-specific age distri-
butions from the American Councii on Education (ACE). Retirement was assumed
to occur at age 66. It should be noted that the population insured by TIAA
has lower mortality rates than does the general population. Choice of a
retirement age of 66, rather than 69 or 71, has a somewhat smaller effect on
estimated openings. The comparison below of NSF-1 with the Radner-Kuh
model provides quantified illustrations of the sensitivity of NSF-1 to these

and other assumptions.
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(4) Proportion of Staff Hires with Doctorates

The fractions of 1977-1987 hires with doctorates in the five science
and engineering (S/E)} fields, as estimated in NSF 79-303, were weighted,
aggregated {which produced a value of .84) and applied to total hires in
NSF-1. By contrast, only about 65 percent of 1977 S/E staff primarily
engaged in teaching held doctorates. The publitied report assumed all
new staff in universities would have doctorates. For hires in 2-and 4-year
schools, the report used the findings of an ACE survey {Atelsek and Gomberg,
1978) which obtained estimates by field of the nroportions of 1966-77
appointees who had or would soon receive: docterates. The assumption that
the credentials of staff would be upgraccd during the projection period
had a substantiai effect on estimated openings.

(5) Transfers of Staff Between Academia and Other Sectors

1t was assumed that there would be no such transfers except for staff
who are forced to leave academia for failure to receive tenure. This
simplifying assumption was necessary because of a lack of data. Evidence
available since NSF-1 was presented indicate that such voluntary mobifity
is fairly small and would not strongly affect the results of NSF-1,

(6) Proportion of New Staff Receiving Tenure

NSF-1 arbitrarily assumed this proportion would be one~haif. The pro-
jections are very sensitive to this assumption.

(7) Length of Pre-Tenure Probationary Period

This was put at seven years. In the past, this has been the standard
period of probation although anecdotal infcrmation suggests this period
has become longer at many schoois. Those faiilng to receive tenure are
assumed to leave academia before the start of the next academic year. In
conjunction with the proportion of new staff assumed to receive tenure,
this assumption can have a strong effect on projected openings, particularly
for projectiqps covering a short period.

€. Comparison of Results from NSF-1 and the Radner-Kuh Model

NSF-1, using the assumptions outiined above, projects that 33 percent
of doctoral science and engineering full-time staff primarily engaged in
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teaching in all colleges and universities will have held their degrees for
seven years or less in 1987. The most comparable figure from the Radner=+
Kuh paper, Preserving a Lost Generation: Policies to Assure a Steady Flow

of Young Scholars Until_the Year 2000 (1978), pertains to the fraction of
doctoral faculty in all flelds, including non-science, who will be 35 yvears

of age or younger in §986. This fraction is projected to be 14 percent.

The two estimates are far apart and seemingly point to Quite different

future levels of younger faculty representation. Analysis, however, suggests
that all but a few of the 19 percentage points separating the two estimates
can be accounted for by differences in assumptions and definitions used in
the two models. These sources of divergence, which are summarized in

Table 2.1, are explained below.gl

The two models differ in how they account for the three elements of
attrition--death, retirement, and failure to receive tenure. The use of
TIAA mortality rates for NSF-1 lowered the projected representation of
young doctoral faculty two percentage points below what It would have been
if rates for all males had been used as in the Radner-Kuh model. (This is
the only important assumption tending to decrease the estimated percentage
of younger faculty of NSF-1 below that of the Radner=-Kuh model.) With an
opposite effect, assuming a retirement age of 66 in NSF-1 ralsed the
projected younger doctorate representation by one percentage point above
what would have been obtalned if the Radner-Kuh assumption of retirement
at 69 had been used. The effects of the different treatment of death and
retirement roughly cancel each other so that only the last element of at-
trition is important in explaining the differences in prcjection results.
NSF-1 assumes that only one-half of new staff are retained after seven
years whereas Radner-Kuh projects that over 70 percent of the 1978 cohort
of new staff will be in academia in 1987.21 If NSF-1 had used the higher

E/Irl a paper prepared for the workshop, '""Reconciiable Differences?"
Radner and Kuh presented additional projections thot used data from the
Comprehensive Survey of Doctoral Scientists and Engineers (National Research
Council, 1976). [n this paper, the authors projected that 19.5 percent of
faculty would be of academic age seven vears or less in 1987.

1/

<"This percentage varies in the Radner-Kuh model by entering cohort.
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TABLE 2,1

DIFFERENCES BETWEEN N5F-1 AND RADNER-KUH
PROJECTIONS OF "RECENT'' FACULTY RATIOS

NSF-1 Radner-Xuh Difference
1986-87 Recent Faculty Percentage 33% 1543 19%
Estimated Difference
from N5F
Projection Model Cumutative
Source of Difference {in Percentage Points) Difference
TOTAL"'"""""""""" -'9 -
pefinitions of ''"Recent' and
Young'' Faculty.....oeovvvvvssss -5 -5
Proportion of Nontenured
Staff Retained...svvsvsssnrrsrss -7 12
Absence of Staff Upgrading....... -l -16
Number of Academic Staff
Employed"""""""""""' —3 -'9
‘Death Rates'""'o"""""'o"' +2 -'7
Retirement Age"""""""""' —' -'8
Unaccounted FOP. ssssssss0vnnsnnns -1 -19

Source: National Science Foundation
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retention rate, itS estimate of the 1987 ratio of recent to total doctorates
would have been reduced by about 7 percentage points, or from 33 percent
to about 26 percent.

Another important factor contributing to the difference in projections
is the fraction of projected hires who have doctorates. The Radaer-Xuh
model assumes that this proportion will be equal to the corresponding
fraction for all staff in the base year--one~half for all flelds combined.
In contrast, the NSF model assumes, on the basis of data from NSF surveys,
that colleges and universities will upgrade their staff durlng the pro-
jection period by hiring doctorates for about 85 percent of their staff
openings. 1f NSF-1 had held the doctoral hiring proportion to the current
two~thirds of science and engineering staff with doctorates, its projected
ratio of recent to total doctoral staff would have been four percentage
points lower, or 29 percent.

In addition to the differences in assumptions stated above, the Radner-
Kuh mode] distributes doctorates by age instead of years since degree. The
Radner-Kuh staff group, 35 years of age and younger, s the closest to the
“recent’ category (those holding a doctorate seven years or less) used in
the NSF-1., Because S/E doctorates receive their degrees on average at age 30,
this group is smaller than the total of recent doctorates. This difference
in definitions reduces the Radner~Kuh estimate by about five points from
what it would have been if 37 were used as the boundary of this age group.g/

In summary, if the Radner-Kuh projection is adjusted to reflect those
37 vears of age and vyounger, rather than 35, it would indicate that about
19 percent. of doctoral faculty would be recent in 1986, Similarly, if
NSF-1 had assumed 3 higher retention rate of .7, instead of .5, and had not
accounted for staff upgrading, it would have projected the representation of
more recent doctorates to be about 22 percent in 1987. The remaining
three percentage points difference between the projections chiefly stems
from the assumption of NSF-1 that employment will grow by six percent between
1977 and 1987 and the Radner-Kuh assumption of about one percent growth,

nghis assumes that faculty are evenly distributed by age between the

14 percent Radner and Kuh projected to be 35 years of age or younger and the
26 percent projected to be 40 or younger.
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1. Development of a C ter Model to Simulate the joyment
Flows of Scientists and Engineers Through Academia
Since the meeting of the Workshop in spring 1979, Foundation staff
have developed a computer model to simulate the flow of science personnel
through academia. Current efforts center on improving methods used to

project future numbers of academically employed scientists and engineers,
a key element in the model.

A. Description of the Computer Simulation Model

The new computer simulation model (which will be referred to as NSF-2)
incorporates a number of technical improvements over NSF-1. NSF-2 also
benefits from data that were not available at the time of the Workshop.

The first part of this section outlines the structure of the computer model
and the s2cond briefly outlines work toward improving the technical basis
of projecting future academic employment.

NSF-2 distributes an academic population by biological age. This dis-
tribution is updated to reflect the entry of new personnel and the 3ging
and changes in status, or transitions, of veteran staff. All transition
probabilities are related to age. These transitions consist of promotion
to ;;nure and separation from the population due to any of four reasons--
death, retirement, fallure to receive tenure, and voluntary separation to
accept a position in another sector. The model does not account for
mobility from one academic institution to another so long as the employees
of both are included in the population. A'l transition probabilities, other
than for death, can vary during the projection period. For example, the
proportion of staff receiving tenure after a probationary period could be
set at .65 for 1980 and .55 for 1983. The probationary periods can also be
set at varying lengths. Future developmental work will attempt to account
for the effects of the academic labor market upon the length of probationary
periods as well as upon the probabilities of promotion to tenure and
voluntary mobility between academia and other sectors.

NSF-~2 has four subpopulations based on tenure status and possession of
a doctorate., All entrants, whose age distribution can be varied during the
projection period, are assumed to be inexperienced and are entered into one
of the two untenured subpopulations. The fraction of new staff who enter
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the doctoral, untenured subpopulation is assumed to be unchanged during
the projection period. Those members of the untenured groups who are not
promoted to the tenured groups after probationary periods leave the popu-
lation by the start of the next projection year. Promotion rates can be
different for the doctoral and nondoctoral subpopulations. in regard to
the other transition probabllities, death rates and retirement age are
assumed to be the same for doctorates and nondoctorates (only tenured
staff reach retirement age and mortality is very low for those young
enough to be untenured), but the age-specific rates of voluntary Separ-
ations to non-academic jobs can be different for each of the four sub-
populations.

Tabuiations of data from the National Academy of Sciences Survey of
Doctorate Recipients (Nationa) Research Councii, 1978) have provided tenure
and age characteristics of the 1977 doctoral academic population that were
not avaltable for NSF-1, These tabulations have also allowed estimation
by field of the proportion of untenured doctorates who received tenure
between 1973 and 1977 as well as of the proportion of tenured doctoral
staff who left academia for employment in other sectors. These historical
proportions are assumed in NSF-2 to remain in effect during the entire
projection period. Results from the annual NAS Survey of Earned Doctorates

¢ permits estimation of the age distribution of new doctoral faculty. No
data are available on the age distribution of the 1977 population of non*
doctorates. Simiiarly, no direct information exists on the average age of
new nondoctoral staff. NSF-Z assumes that tenured nondoctorates are evenly
distributed by age and that nondoctorates begin academic employment at age
25.

B. Projection of Future Academic Employment

An effort Is underway to improve the technical basis for projecting
future academic employment through respecification of the regression equations
that are used to estimate future Staffing. Three additional observations
on academic employment have become available (Mational Science Foundation.
1979b) since the preparation in 1977 and 1978 of Projections of Science and
Engineering Doctorate Supply and Utilization, 1982 and 1987 (1979a), which

D¢



provided the staffing growth rate used for NSF-1. The additional data
provide additional! degrees of freedom which have permitted adding in-
dependent varlables, such as RED spending and enroilment for advanced
degrees, to the regressions that expliain employment by fleid. Previously,
these regressions have used only baccalaureate awards and trend variables

as independent variables.

Other efforts are being made to improve methods of estimating future
bachelor's degrees by fields. As one approach, various autoregressive
equations are now being tested to evaluate their performance in explaining
numbers of degrees awarded in the past. With these equations, degrees
in a vear are regressed against three or more independent variables that
include degrees lagged one Year, degrees lagged two years, and a demand
variable. In some autoregressive equations, the parameters are being
estimated using normalized values of the dependent variables derived by
dividing the values of the degree variables by the numbers of high school
graduates four years earlier. This controlled for any effects that the
size of baccalaureate cohorts may have had upon trends in awards (See

Freeman and Leonard, 1978).

The results of these efforts will be reported in future publications

of the NSF Division of Science Resources Studies.
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APPEND i X

Projection of 1987 Academic Employment

The projections of 1987 academic employment were based on the past
statistical association between staff and baccalaureate degrees. for
each field, regression analysis related the number of full-time academic
staff, including nondoctorates, in January of a given year to one or more
of the independent variables listed below.

BACC--the total number of baccalaureates awarded in a single broad field

BACC (1) --the total number of baccalaureates awarded in all $/E fields
except the social sciences

BACC (2)--the total number of baccalaureates awarded in all S/E fields

TIME--a trend variable equal to the number of the observation {e.g.,
one, for the first observation)

BACC /TIME-~the variable BACC divided by the trend variable

BACC(1)TIME--the variable BACC(1) divided by the trend variable

There were eight observations for the period 1965 to 1976. Different
equation specifications were tested to determine which variables best ex-
plained past variation in academic employment. Those specifications which
seem most consistent with what is known about the types of courses taken
by students in different fieids and which had the best statistical properties
were used in the projections. For each field the equation listed below was
used to projact total staff, except in the social sciences in which employ-
ment was assuned to be unchanged between 1977 and 1987. in the physical
and life sciences, specifications using BACCS(1) (all science and engineering
(5/E) baccalaureates less the social sciences) were chosen for the pro-
jection equations to reflect the service function performed by faculty in
these two fields for students majoring in other $/E fields. (It is assumed
that social sciences undergraduates do not take natural sciences courses
as frequently as do other $/E students.} BACC(2) (al! $/€ baccalaureates)
appears in the projection equations for the mathematical sciences on the
basis of the assumption that faculty in this field instruct all $/E under-
graduates. On the other hand, few nonengineering students eproll in
engineering course; so BACC (in this case, baccalaureates in engineering oniy)}
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was the Independent variable in the projection equation.

In this field,

as well as in the physical sciences, trend variables were also used.

the eguations below, the numbers in parentheses refer to t-statistics.

Physical sciences staff = 22 941 + 0,052 BACC(1)

(7.7) (2.1)
+312 TINE -0.056 BACC(1)/TIME

(2.6) (-7.5)
R = .99 Durbin-Watson
statistic = 2.8

Engineering staff = 17,799 + .130 BaCC
(8.7) (2.8)
1,124 BACC/TIME

{-7.5)
R = .96 Durbin-Watson
statistic = 2.0

Mathematical sciences staff = },09?
-.6
+.080 BACC(2)
o (11.8)
R = .96 Durbin-Watson
statistic = 1.3

Life sciences staff = 6,838 + 246 BACC(1)

(1.6) (8.3)
R = .92 Durbin-Watson
statistic = 2.5

Social sciences staff = 12,279 + .137 BACC(2)

(2.0) (5.9)
R = .85 Durbin-Watson

statistic = 1.4

30



CHAPTER 1!

RECONCILABLE DIFFERENCES?

An Examination of Alternative Projections of Academic Demand for Recent
Science and Engineering Ph.D.'s in the 1980's™

Charlotte Kuh
Harvard Graduate 5chool! of Education

Rov Radner
University of California, Berketey and -
Kennedy School of Government, Harvard -

1. Introduction

We have been asked to compare, contrast, and comment on the National
Science Foundation (NSF) model that forecasts the supply and utilization
of doctoral scientists and engineers (National Science Foundation, 197%)
with the mode] that we and Luis Fernandez have developed to forecast
academic demand for doctorates {Kuh and Radner, 1977; Fernandez, 1978).
The two models plainly differ in Scope and emphasis -~ that of the
NSF being broader in terms of coverage of the entire labor market and
narrower in that it restricts itself to science and engineering. We in-
tend to focus on the young investigator problem in this paper. |In
particular, we would like to compare the predictions from an economic-

Jemographic model we have developed to the predictions from the NSF mode)

of academic demand for recent doctoral scientists and engineers.

Differences in predictions of different models may come from three
primary sources; i} differences in methodology, 2} differences in as-
sumptions concerning parameters, 3} differences in baseline data. This
discussion will focus on the first source, since the second and certainly
the third should be objectively ascertainable. The Kuh-Radner model is
essentially a cohort survival model. !t is dynamic and tracks the
evolution of academic demand over a 25-year period. A flow diagram that
lays it out is presented in Figure 3.1. A simitar diagram for the NSF

%

We wish to thank David Bussard and Berpard Morris for research
assistance. This paper is based on research supported in part by the
National Science Foundation.
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projection model for new doctoral hires is presented in Figure 3.2, The
basic elements of both models are similar. The demand for new academic
staff is derived from the changes in the number of students to be served,
and replacement demand resulting from death, retirement, and other sources
of attrition. 1t is also necessary to predict what proportion of new
academic staff will have doctorates. The NSF model presents projections
for the proportion of doctoral science and engineering staff that are
young (with seven or less years of academic experience) for 1982 and 1987.

Methodological Differences

The three primary differences between the Kuh=Radner and the NSF
methodologies are (1) the way in which changes in enrolliments {(or bacca-
laureates) are projected, (2} the difference in emphasis between a set of
projections for only two points in time (NSF) versus the projection of a
time series, and, finally, (3) the degree of disaggregation of the NSF

projections. Let us discuss these differences one at a time.

Enrollnent Prolections. Demography may not be everything, but it is

an undisputed fact that the sizes of the 18-year-old cohorts, and even the
18-21 year-old cohorts, are going to decline between 1977 and 1982, and
decline even more precipitiously between 1977 and 1987. The numbers are

given in Table 3.1.

Participation rates of these or other cohorts would have to increase
dramatically in order for baccalaureates to grow in a linear fashion. Thus
we would think that any projective model should take demographic trends

into account,

Point Predictions and Time Series Projections. The problem with the

presentation of a time series of projections is that it gives a false im-
pression of exactness. What is presented are annual point estimates while
what is important for policy is the qualitativs. fact of fluctuations in
demand and a general notion of the magnitude 21d duration of such fluctu-
ations. The presentation of two point estimates does suffe- less obviously

from this problem, but the fact that demand fluctuates may be missed
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FIGURE 3.2
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TABLE 3.1

PERCENTAGE CHANGE: COLLEGE AGE COHORTS

Cohort
18 yr. old

18~21 yr. ol

Years
1977-82 1977-87
- 3.7 - 16.0
- 0.8 - 13.0

Source:

National Center for Educati + Statistics,

Pro!ectlons of Education Statistics to
-5/, labie B-
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entirely, depending on the choice of prujection points. For example, the
cholce of 1982 and 1987, misses both the peak (in 1980) and the trough
(in 1988) that are apparent in the Kuh~Radner model.

It may be argued that demand for new staff does not flucuate as
violently as suggested by the Kuh-Radner results, However, the plot of
first differences of number of FTE faculty from 1960 to 1976, presented In
Flgure 3.3, illustrates that even !n a period of growth, fairly iarge
fluctuations In full-time staff did occur.

The Degree of Disaggregation. The NSF projections are disaggregated

by field of science and engineering. This disaggregation should provide

a golden opportunity to take into account the varying age structures,
fieid-by~-field, of academic faculty. ¥Kuh and Radner have some preliminary
findings about mathematiclians, for example, which indicate that because
mathematics faculty are, on average, younger than faculty as a whole, and
because there are more tenured young faculty, the young investigator -
problem will probably be worse for mathematicians than for faculty-as‘a
whole. The way in which the NSF projections use disaggregation, however,
Is to recognize that the size of the 1977 initial stock of academic staff
differs by field. The age structure of faculty in each field Is assumed
to be the same 8s that for faculty as a whole In the 1973 American Council
on Education (ACE) Survey. Field-specific differences are not incorporated
in the projection technique.

Since we think the debate about the young investigator problem relates
to the age-specific structure of knowledge, and since this structure
probably varies by field, disaggregated estimates are important. They
should, however, take Into account fleld-specific age and mobility patterns.

Comparing the Models

In an attempt to make the two models comparable, we have taken three
approaches. First, taking the NSF parameter values and baseline data, we
have applied our simulation model requiring that the 1977 and 1987 values
of academic doctoral demand be the same as those projected by the NSF,
Fluctuations in demand, then, drive our dynamic mode)l. The question that is
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answered by this exerclse is: what time pattern of new hlring is consistent
with the NSF data and parameter values, but with the dynamics of the Kuh-
Radner model? The second approach is to use the NSF data and parameters

and to interpolate them linearly. Since, as far as we can tell, the bac-
calaureate series on which the NSF projections is based results from an
approximately linear extrapolation of past data, this interpolative approach
is entirely consistent with the NSF methodology. The third approach is

to ''scale down' our total faculty demand model to values consistent with

the NSF 1977 baseline science and englneering Stock, and then to run our
model with our parameters. it should be noted that since we wrote ''Pre-
serving & Lost Generation. . .," we have obtained access to data from the
Comprehensive Survey of Doctoral Scientists and Engineers of the Commission
on Human Resources. The data base for our current projections differs
somewhat from that in the circulated report. The qualitative results,
however, are unchanged. A statistical summary of the projections from ati
three models is presented in Appendix |.

We find that unless the demand for academic places grows in a strongly
counter-demographic manner, new hiring of doctoral science and engineering (S/€)
faculty will decline markedly in the 1980's. A1} three models predict a
decline of at least ten percentage points in the proportion of recent
doctoral S/E faculty during the 1980's, These results are generated pri-
marily by the demographic characteristics of the existing faculty stock
and by the assumptions of each model concerning the pattern of enrol Iment-
generated faculty demand.

tt. The Models

The Kuh-Radner Hodell/

Ue first describe the model used to make the projections that were

presented in our paper, 'Preserving a Lost Generation: Policies to Assure

e present model is an adaptation of one used previously for aggregate
U.S. doctorate faculty projections. For a detailed description of that
model, see L. Fernandez {1978). However. the parameters of that model
have been revised to reflect data newly available to us from the Commission
on Human Resources (CHR) of the National Research Council.
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A Steady Flow of Young Scholars untl! the Year 2000.'* That demographic
model follows each Ph.D. faculty cohort from the year of Its entry into
academla, until the year 2000. Formally, we use a Markov model with
nonstationary transition probabilities, The state of an individual 1s
_characterized by “academic age" (number 6f years since the Ph.D. degree),
biological age, and tenure status. Individuals may enter the system in

any state. or leave from any state. {However, for all practical purposes,
positive net flows Into the system occur only at academic ages one and two.)
The system is Intended to represent the population of teaching faculty in
four-year colleges and universities who have doctoral degrees,

The total stock of {doctoral) faculty in any one vear is assumed to
be given exogenously, and determined by academic demand. {See below for
a discussion of the projections of stocks.) The number of individuals
leaving the system in any one year (due to retirement and other attrition)
is determined by the age and tenure-status distribution in that year. The
number of new hires is the difference between the next year’s total re-
quired stock {demand) and the remaining stock of individuals carried over
from the current year.

The parameters of the model Include the initial (1975) age and tenure-
status distribution, and., for each calendar year:

(1) academic age-specific rates of 'promotion, i.e..
trancition from non-tenure to tenure status;

(2) academic age and tenure-status specific rates of
{net) attrition from the system other than attrition
due to death and retirement:

{(3) biological age-specific rates of death and retirement.

in addition, there is the series of demands for total faculty in each
year, mentioned above, These various parameters are projected to change,
over time, between the years 1975 and 2000, in response to the likely evolu~
tion of the market. However, the model incorporates no formal feedback
mechanisms for the influence of market conditions on the model’s parameters.
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For the projections reported in "Preserving a Lost Generation....." we
relied heavily on data from the American Council on Education and Carnegie
Council faculty surveys (see Fernandez, 1978). Since distributing that
report, we have revised many of the parameters of the model, using data
recently available to us from the Commission on Human Resources of the
National Research Council. (We have aiso made minor modifications in the
computer program, eliminating some numerical appro.imations in the
algorithm that are no longer necessary with our present computer.) The
revised projections are presented in the Appendix to this paper. They do
not differ substantially from the original projections, nor do they lead
to any substantially different policy conclusions.

For the remainder of this paper, we shall refer to the revised model
as the "CHR-data-based doctoral model.” We shall first describe the data
and assumptions of the CHR-data-based doctoral model, and then compare the
mode) with what we understand to be the method that the NSF has used to pro-
Ject the 1986-87 '"Recent Faculty Ratio.” Finally, we shall explain how we
have adapted the CHR-data-based doctoral model to incorporate the assumptions
and data used in the NSF projections. In this way, we hope to elucidate
to what extent the differences between the two sets of projections are due
to differences in methodology, and to what extent they are due to differ~
ences in the data and underlying parameters.

Our estimates of the initial age distribution and number of doctorate
facuity in 1975 are based upon data from the 1975 Survey of Doctorate
Recipients, which is conducted by the Commission on Human Resources for the
NSF (National Research Council, 1976).

Academic age-specific promotion rates have been estimated from survey
data supplied by the Commission on Human Resources, using a conditional
logit method of estimation (Kuh and Radner, 1977: Kuh, 1977). This
method enables us to estimate how the age-specific promotion rates have
changed during past years, and to see how these changes have correlated
with past changes in market conditions. Because of 1imitations of the data,
similar but cruder methods have been used to estimate age and tenure-status
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speclfic attrition rates. Retirement rates have been projected from
figures for U.S. faculty as a whole developed elsewhere,zf and are In-
tended to incorporate a moderate response to the extension of the
mandatory retirement age that (under present leglslation) will begln in
1981. The projected evolution of the above parameters is shown in the

Appendix to this paper.

In the CHR-data-based doctoral model, we have retained the projec-

2
tions of total demand for (doctorate) faculty that were developed elsewhere.-!

The NSF Hodeléf

The NSF projection of the ratic of 'recent' doctoral staff to total
doctoral staff in 1987 is designed to estiwate cthis ratio without expli-
citly following the year-tosyear details of the experience of the dif-
ferent cohorts. (''Recent" staff are defined as those who have had thelr
doctorates seven years or less.) Nevertheless, the assumptions that
underlie the NSF projections can be understood, we belleve, withln the
L framework of the doctoral model based on ChR data.

First, the initial stages of the NSF calculation deal with the full-
time staff, both doctoral and non+*doctoral, who are primarlly engaged In
teacking, In all Institutions of higher education, including two-year
colleges. The staff consldered are limited to the flve science and
engineering {S/E) fields, which are first considered separately. For each
S/E field except Soclal Science, the faculty stock in the projection year
(e.g.. 1987) is predicted from regressions that were estimated from histor-
ical data on academic staff and S/E baccalaureates. The stock of soclal
science faculty s projected to remain at its 1977 level. The numbers of
baccalaureate degrees in each S/E field are assumed to increase or decrease

according to present trends.

2/

%/ gee L. Fernandez, (1978). These projections are based upon projections
of student enroliments, together with a constant faculty-student ratio.

é/The following material represents our understanding of the NSF merhode

ology. Charles Falk and Larry Lacy kindly provided the information on which
our account is based, but they are in no way responsible for errors in it.

11
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Oeath rates are obtained from the Teachers !nsurance and Annulty (TIAA)
experience. All faculty gre assumed to retire at age 66.

All promotions from non-tenure to tenure Status occur at academic age
seven, and only at that age. One-half of all non-tenured faculty eventually
receive tenure. Tenured faculty experience no pet attrition from the
system, except for death and retirement. Attrition of non-tenured faculty
occurs only after seven years, at which time all non-t aured faculty who
have not been promoted to temure leave the system. All (net) pew hires

into the system in any one Year have academic age ope.

The biological age distribution of S/E faculty in 1977 is estimated
from the 1973 ACE faculty survey. Data from an NSF survey (1974) provide
a basis for estimating the fraction of S/E faculty who have tenure in 1977.

Even with the above assumptions about the time-structure of the rates
of promotion, retirement, and other attrition, one cannot project the total
new faculty hires between 1977 and 1987 without making some assumption
about the time-path of changes in the total faculty stock. For example,
to consider two extreme cases; suppose first that the entire change, say C,
in the faculty stock occurred at the beginning of the period. This change
would generate C new hires at the beginning of the period; after seven
years, half of these would leave the system for lack of promotion, and
€/2 more new hires would enter the system to replace them. On the other
hand, if the entire change {n the stock occurred in the last year of the
period, then there would be no attrition from this group by the end of the
period, and the total pew hires generated by changes in the stock would be
€. (In addition, of course, there would be new hires generated by death,
retirement, and attrition from the faculty already present in 1977.) As
far as we upderstand the NSF method, it is equivalent to the assumption
that the apnual changes in the stock of faculty, as well as the apnual re-
placements generated by death, retirement, and other attrition from the

1977 stock, are all constant over time. We shall call this "Assumption A."

To project the number of new faculty hires with the doctorate, during

the period 1977-87, the NSF uses estimates of the proportion of faculty
hired in recent Years who have the doctorate, and assumes that this pro-

portion will be ten percent higher during the projection period. This

} .
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analysis (the details of which we have not seen) yields a projection that
approximately 84 percent of new faculty hired during the period 1977-87

will have a doctoral degree.

From an estimate of the age and tenure distribution of the doctoral
faculty stock in 1977, together with the above assumptions on the various
rates, one can also project the number of doctoral S/E- faculty in 1977
who survive unti) 1987; call these the '"survivors.' In 1987, al) of these
survivors have academic age greater than seven. The total number of
doctoral S/E faculty in 1987 is, of course, the sum of the number of sur-
vivors and the number of surviving new hires. From ''Assumption A'' above,
one can also calculate the number of surviving new hires who have academic
age seven or less; the ratio of this number to the total stock is the
'"Recent Faculty Ratio."

The Method of Comparison

As we have presented it, the NSF model is conceptually similar to the
Kuh-Radner model, hut incorporates a number of simplifying assumptions
about promotion, retlrement, and attrition rates, and about the rate of
flow of new hires into the system (Assumption A) that enable one to use a
simpler algorithm for projecting total new hires of doctoral $/E faculty
during the period 1977-87, and the 'recent faculty ratio" in 1987. The
NSF model also makes different assumptions about the numerical magnitudes
of various parameters, and about the projécted stock of faculty. It should
also be kept in mind that the NSF model (for the projection.of the 'recent
faculty ratio') is concerned with doctoral $/E faculty in all sectors of
higher education, whereas the Kuh-Radner model is concerned with doctoral

faculty in all fields, but only in four-year colleges and universities.

Since the two have the same conceptual basis, but the Kuh-Radner mode)
allows more flexible assumptions, it is relatively straightforward to build
the NSF assumptions into the Kuh~Radner model. We have done this in three
stages, in order to explore the sources of the differences in the projections.
First, we have retained the parameters of the doctoral mode)l based on CHR
data, except that we have scaled the projection of the time series of
faculty stocks so that the 1977 faculty stock is equal to the figure used
by the NSF model for all S/E faculty (both doctoral and non-doctoral) in
1977; we call these the CHR data-based projections scaled to NSF's 1977
$/E faculty stock. 43
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Second, we have taken the total $/E faculty stocks in 1977 and 1987
to be the same as In the NSF model, but have assumed that the entire
series of faculty stocks will fluctuate through time with the same pattern
as in the CHR-data-based doctoral mode!. We have aiso used all of the other
assumptions of the NSF model about promotion, death, retirement, and attri-
tion, but not Assumption A. (The year-by-year calculation of the Kuh-Radner
model eliminates the need to use Assumption A.} Unfortunately, in the
time available to us we were unable to obtain initial age and tenure
distributions comparable to those implicit in the N5F model, in the detail
needed to implement the Kuh-Radner model, so we retained the CHR distribution.
We call these the projections with N5F parameters and constrained demographic
demand, or “NSF-t.»

Third, we modify the NSF-1 model by fixing the projected faculty
stocks at 1977, 1982, and 1987 at levels used by NSF, and interpolating
lineariy in between. We cali these the projections based on NSF parameters
and two-segment linear demand, or "NSF-2."

Each of the above three models leads to year-by-year projections of
the age and tenure structure of faculty stocks, of new hires, deaths and
retirements, etc. (Recall that the Kuh-Radner model takes account of both
biologicat and academic ages.} To obtain a series of new doctoral hires
from any model , we adopt the NSF assumption and multiply the corresponding
series of total new hires by .837, which is the incremental doctoral faculty

ratio.

For each of the above three models one easily obtains a series of
“recent faculty ratios' for total faculty. In order to obtain corresponding
estimates of '"recent doctoral faculty" ratios, one should, in principle,
keep separate track of the demographic structures of doctoral and non-
doctoral faculty. With the time and data available 10 us, we were not able
to do the necessary calculations, although they would be relatively straight-

forward. Instead, we divided the 1987 faculty stock into three groups;

1'-/Ex]:usl'lmenl:sr. with the CHR-data-based doctorai model indicate that
moving from an initial distribution based sn the ACE faculty survey to
one based on CHR data produces only smaji changes in the projections.

Y
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(1) "recent" new hires since 1977, (2) non-recent new hires since 1977,
and (3) survivors from 1977 (a1l non-recent, by definition), and applied
the corresponding doctoral fractions of .837, .837, and .675, respectively.
Analogous calculations were done for the other years.

Young Research Faculty

It can be argued that if one is interested in the health of academic
research, then one should restrict one's attention to the numbers of young
faculty in the academic institutions where the bulk of research is done,
Many of these are prestigious orivate colleges and universities with
relatively stable enroliments and faculty sizes, where new hires are
largely insulated from the demographic faorces affecting nationwide college
enro) Iments. Attrition rates for this sector may also be considerably
higher than for academia as a whole, since faculty at research institu-
tions can leave for Jobs elsewhere in academia, as well as outside
academia. In a study of mathematicians (Kuh and Radner, 198D}, we have
assumed that attrition rates for research universities are three times
attrition rates for academia as a whole. The result is a fall in the
young faculty ratio that is onhe percentage point less than that for
academla as a whole between 1976 and 1985.

111, Results

The two types of results of central relevance to the young Investl~-
gator problem are: 1) new hiring, and 2) the share of faculty with seven
or less yvears of academic experience. Table 3.2 presents the values from
each of the three models for new hires and graphs of these valyes are pre-
sented in Figures 3.4 and 3.5, Table 3:3 presents an Index of these values
relative to the base year of 1977. Graphs corresponding to the tables
foltow (Figures 3.6 and 3.7).

Looking first at new hiring, the projections from the NSF model with
fluctuating demand {NSF-1) start out higher than either of the other models,
and for most yvears glve greater levels of new hiring than the (HR-data-based
doctorat model. The shape of fluctuations, however, Is very similar, as
would be expected. The linear extrapolation model with NSF parameters (nsF-2)
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TABLE 3.3

REIATIVE PROJECTED DOCTORAIE NEW HIRES

Year

1978
1979
1980
1981
1982
1983
1984
1985

1986

- 1987

19¢e8
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

CHR
OATA-BASEO

1
1.0928
1.091
0.9167
0.8574
0.7444
0.6886
0.5433
0.6
0.8181
1.0178
1.1268
0.6249
0.3456
0.3996
0.5948
0.7651
0.6836
0.9393
1.165
1.5612
1.6239
1.6959

USE-1
1
1.0537
1.0672
0.9155
0.894
0.711
0.3877
0.504
0.6143
0.791
0.9062
1.0227
0.5466
0.2433
0.3747
0.5575
0.7707
0.8157
1.0981
1.0257
1.2019
1.3208
1.45%

NSF-2
1
1.0105
1.0828
1.0651
1.1065
1.032
0.712
6.9221
0.9981
1.0149
1.0647
1.1023
1.05%4
0.9386
1.0619
1.069
1.078
1.1441
1.199%
1.1814
1.1614
1.2492
1.2754
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does not yieid the deep troughs predicted in the 1980's by the other two
models, The dip in 1984 results from imperfect matching of CHR data and

the !inear demand model and probably overstates the decline. In the 1990's,
both NSF-1 and the CHR-data-based doctoral model give greater levels of new
hiring than NSF-2, In some sense, NSF-2 gives the "best" outlook for new
hiring over the period, since it exhibits neither severe fluctuations nor
very low levels of demand. The main problem is the realism of the assumption
that enroliment demand can grow in a linear manner in the face of declining

cohort size.

Caduciation of relative new hires effectively scales the results so
that differences in assumptions about initial values loom less prominently,
In general, NSF-! yields slightly greater fluctuations in new hiring than
the CHR data-based mode!, the greater decline in new hiring in the 1980's
being to 39 percent of 1978 levels and in the 1990's to 24 percent of 1978
levels, |f we look at the point estimates for 1982 and 1987, however, we
see that the relative values of new hires are very similar for those years.
The principal difference then, between the new hire predictions from the
two models is attributable to the different levels of new hiring. This
difference comes from the NSF assumption that attrition rates are zero for
the first six academic ages, and that thereafter one-half of the non-
tenured faculty are promoted and one~half leave. There are no non-tenured
faculty of academic age greater than seven. The CHR-data-based doctoral model,
01 the other hand, spreads attrition more smoothly over academic ages,

aithough our gross attrition rates are very similar to the NSF.

The importance of the differences in assumptions about attrition and
the age structure is also evident in the differences in the projected
fraction of faculty with less than eight years of academic teaching ex-
perience. These results are shown in Tables 3.4, 3.5, and 3.6 for
CHR-data~based, NSF-1, and NS$F-2 and graphs of these values are shown in
Figures 3.€ and 3.9. The CHR-data-based results are lower than the re-
sults from either of the NSF models, in absolute value. The relative
values however, are quite similar, and ail values, even those from the
1 inear demand model, show 8 fall of over 30 percent in the share of young
faculty. The young investigator problem seems evident. A complete de-
scription of the demographic evolution of the stock of faculty from 1977
to 2000 from each of the models may be found in Appendix 1, ‘




PROJECTIONS OF RECENT DOCTORAL FACULTY

KIH/RADNER USING CHR DATA

Relative
Recent Doctoral Faculty Recent Doctoral Faculty
YEAR YOUNG TOTAL RAT10 YOUNG RATS0
PH.D.'s PH.D.'s PH.D.'s

1977 32219 104376 0.309 1 1
1978 31266 107361 0.291 0.97 0.943
1979 31962 110693 0.289 0.992 0.935
1980 32539 113683 0.286 1.01 0.927
1981 32507 115508 0.281 1.009 0.912
1982 34274 116911 0.293 1.064 0.95
1983 33459 116986 0.286 1.039 0.927
1984 32287 116375 0.277 1.002 0.899
1985 29271 114476 0.256 0.909 0.828
1986 26515 112812 0.235 0.823 0.761
1987 25463 112591 0.226 D.79 0.733
1988 26448 113536 0.233 0.821 0.755
1989 28268 115343 0.245 0.878 0.795
1990 27803 114253 0.243 0.863 0.786
1991 26035 111849 0.233 0.808 0.754
1952 25241 109935 0.23 0.783 C.744
1993 25357 109247 0.232 0.787 0.752
1994 25511 109484 0.232 D.792 0.755
1995 24272 109399 0.222 0.753 0.719
1996 23972 110790 0.216 0.744 0.701
1997 27316 113392 0.241 0.848 0.78
1998 34214 118187 0.289 1.062 0.938
1999 41031 123191 0.333 1.274 1.079
2000 47127 128388 0.367 1.463 1.189
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PROJECTIONS OF RECENT DOCTORAL FACULTY

NSF~=1
Relative
Recent Doctoral Faculty Recent Doctoral Facul
YEAR YOUNG TOTAL RATIO YOUNG RATIO
PH.D.'s PH.D.'s PH.D.'s

1977 48356 104376 0.463 1 1
1978 49053 108337 0.453 1.014 0.977
1979 49802 112682 0.442 1.03 0.954
1980 50251 116772 0.43 1.039 0.929
1981 50663 119707 0.423 1.048 0.914
1982 50877 122256 0.414 1.04¢ 0.893
1983 49316 123382 0.4 1.02 0.863
1984 49058 123465 0.397 1.015 0.858
1985 45014 121876 0.369 0.931 0.797
198% 41441 120616 0.344 0.857 0.742
1987 39206 120841 0.324 0.211 0.7
1986 39145 122327 0.32 0.81 0.691
1989 40212 124765 0.322 0.832 0.696
1990 38872 124091 G.313 0.804 0.67¢
1991 37673 122046 0.309 0.779 0.666
1952 36605 120506 0.304 0.757 0.656
1993 36137 120163 0.301 0.747 0.64°
1994 35979 120870 0.298 0.744 0.643
1995 35259 121236 0.291 0.72% 0.626
1996 35904 123247 0.291 0.742 0.629
1997 39814 _ 126565 0.315 0.823 0.679
1998 47615 132342 0.36 0.985 0.777
1999 55313 138410 0.4 1.144 C.863
2000 62655 194741 0.433 1.296 0.934
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TABLE 3.6

PROJECTIONS OF RECENT DOCTORAL FACULTY

NSF-2

YEAR

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1982
1993
1994
1995
1996
1997
1998
1999
2000

Recent Doctoral Faculty

YOUNG
PH.D.'s

48356
47084
45493
43942
43467
42967
42306
43305
42821
42744
42328
42330
42311
42471
43863
44725
45163
45512
46006
46612
47380
48754
49911
51187

TOTAL
PH.D.'s

104376
106369
108373
110463
112521
114647
116372
117712
118707
119786
120841
121964
123106
124237
125412
126608
127764
128209
130107
131345
132581
133857
13156
136475

PATI0

Relative
Recent Doctoral Faculty
YOURG RATI10
PH.D.'s
1 1
0.974 0.955
0.941 0.906
0.209 0.859
0.899 0.834
0.889 0.809
0.875 0.785
0.89€ 0.7%
0.886 0.779
0.8084 0.77
0.875 0.756
0.875 0.749
0.875 0.742
0.878 0.738
0.907 0.755
0,925 0.762
0.934 0.763
0.941 0.762
0,951 0.763
0.964 0.766
0.98 0.771
1.008 0.786
1.032 0.797
1.059 0.81
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A somewhat dramatic presentation of *he effect of the demographic
state of the system on the careers of young investigators is presented in
Tables 3.7, 3.8, and 3.9, which, for each year following the Ph.D., present
the cumulative probabilities of promotion, attrition, or staying derived
from the Kuh-Radner model for the Ph.D. cohorts of 1977, 1982, and 1987.
The following two graphs give a comparative picture of the experience of
each cohort (Figures 3.10 and 3.11). The 1977 cohort has the greatest proba-
bility of remalning academically employed and achieving tenure. The 1982
cohort has the worst experience, while the 1987 cohort enters in time to be
promoted when the Census-projected boom In the mid-1990's comes along. This
difference in cohort experiences is perhaps best §1lustrated by the probabil-
ity of achieving promotion seven years or less after receipt of the Ph.D.
These probabilities are .41 for the 1977 cohort, .29 for the 1982 cohort, and
.29 for the 1987 cohort. The 1987 cohort, however, has a corresponding proba-
bility of .44 ten years after the Ph.D., while for the 1982 cohort this proba-
bility is only .40,

Two conclusions seem warranted on the basis of all three maodels., First,
unless the stock of faculty grows in a strongly counter-demographic manner,
new hiring of sclence and engineering faculty will decline markedly in the
198057 and the trough Will be deeper to the extent that the stock of
faculty follows the demographic changes in the col lege-age population.
Second. the share of faculty with less than eight years experience will
decline by at least ten percentage points between now and the mid-1980°s,
These results may be modified somewhat by smoothing {see Appendix 1) but

in the absence of intervention, this change is in the demographic cards.
tV. Conclusions

What have we learned from these alternative simulations of academic
demand over the next 23 years? Oyr feeling is that both the NSF and our
mode | have their merits and that a better modetling methodology would in-

corporate the desirable aspects of both. For policy purposes a dynamic




TABLE 3.7

PROJECTED EXPERIENCE FOR 1977 COHORT OF wEW PH.D. FACULTY*

Cumulative Probabilities for Those

Staying Promoted Leaving Year Academic Age
942 0319 .0261 1978 !
.3896 .0553 .0551 1979 2
.8183 .0961 .0856 1980 3
L7185 . 1655 116 1981 1
.60 .2558 a2 1982 5
L4238 .3432 .233 1983 6
.2892 L4103 .3004 1984 7
1973 4515 .3512 1985 8
L1376 4758 .3867 1986 9
010 L4882 4017 1987 10
.0881 .4993 4126 1988 "
L0702 L5094 L4204 1989 12
L0563 .5178 4259 1990 13
1] L5243 L4299 1991 h
.039 .5282 4328 1992 15
L0339 53N L35 1993 16
L0316 .5333 435 1994 17
.0298 .5352 435 1995 18
.0277 .5373 k35 1996 19
.0252 .5398 435 1997 20
.0234 .5416 435 1998 2}
0221 .5429 435 1999 22
.0208 .544) 435 2000 23

Median Years of Experience as Non-Tenured Faculty:

-=0f those who leave academia is: 6.296
--0f those who are given tenure is: 6.25]
--0f those in either group above is: 6.199

With 2.083 percent of the cohort still in non-tenured faculty
positions in Year 2000 with 23 years of experience

Median Experience of the Full Cohort Will Lie between:

-=6.619 and 7.078 years

%
Based on Kuh/Radner model using CHR data.
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PROJECTED EXPERJENCE FOR 1982 COHORT OF NEW PH.D. FACULT?*

Cumulative Probabilities for Those

Staying Promoted Leaving Year Academic Age
9253 .0266 L0482 1983 1
.8572 L0456 L0971 1984 2
.781 .0733 V456 1985 3
.6955 1156 .1889 1986 b
L6117 1645 .2238 1987 5
.h57 L2234 .3195 1988 6
.33y .2863 .3816 1989 7
.2385 . 3405 421 1990 8
1739 .38 Jh46l 1991 9
HhhS .3981 457 1992 10
1243 L4108 L4649 1993 R
1079 4215 L4706 1994 12
.0938 L4317 L4745 1995 13
.0815 .06 4779 1996 14
.0705 L4487 L4809 1997 15
.0602 Jh564 L4834 1998 16
L0548 L4619 L4834 1999 17
L0512 4655 4834 2000 18

Median Years of Experience as Non-Tenured Faculty:
--0f those who lcave academia is: 5.454
--0f those who are given tenure is: 6.989
--0f those in either group above is: 6.03]

With 5.116 percent of the cohort still in non-tenured
faculty positions in Year 2000 with 18 years of experience.

Median Experience of the Full Cohort Will Lie Between:

~-6.810 and 8.191 years

*
Based on Kuh/Radner model using CHR data.
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TABLE 3.9

&
PROJECTED EXPERVENCE FOR 1987 COHORT OF NEw PH.D. FACULTY

Staying

.9346
.8768
.8096
L7219
L6426
.533

Lk

.3586
.2899
L2446
.2047
1737
. 1488

Cumulative Probabilities for Those

Promoced

.0168
.0332
0663
L1269
. 1854
.2394
.2948
.352
.4o12
L4363
h677
491
.510)

Leaving

.0487
.09

L1242
50
72
L2276
2653
. 2894
.3089
.319
.3276
.3348
341

Year

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Academic Age

AD GOl TN B N —

Median Years of Experience as Non~Tenured Faculty:

-=0f those who leave academia is:
~-0f those who are gliven tenure is:
~-0f those in either group above is:

5.204
6.901

5.6065

With 14.884 percent of the cohort still in non-tenured faculty
positions In Year 2000 with 13 years of experience

Median Experience of the Fuil Cohort Will Lie Between:

-~7.230 and 11.993 years

4

%
Based on Kuh/Radner model using CHR data.
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model of the Kuh-Radner variety may reveal fluctuations in the demand for
new faculty that may be detrimental to the production of research. Such
fluctuations may be missed if an NSF-type projection methodology is used.
On the other hand, the highly aggregated nature of our model seriously
limits its usefulness. Different fields have different characteristic
age structures of both their current faculty stock and of the production
of knowledge. (David Riesman distinguishes between 'wisdom fields" and
“beauty queen fields'' to make this point.) A policy designed on aggregate
data may treat everyone sensibly on average but everyone unfairly in
particular. Thus, the field-by-field approach of the NSF is certainly
preferable. Such an approach, however, needs good data If it is to be
success ful .

Right now the data aren't very good. The fundamental prediction in
both types of model is a series of new hires that has a particular age
structure. in fact, however, data on new hiring in academia aren't ¢ol-
lected, let alone data relating to the age structure of these new hires.
Our models calculate new hires as a residual. In doing so, we assume a
given relation between baccalaureates or enrol Iments and faculty demand.
We use 1977 CHR data and the NSF uses the results of a 1972-73 sample
survey to estimate an age structure of faculty. Thus; new hiring depends
on a faculty/student ratio, which we don't directly observe, and on an
age structure which may be changing rapidly at the lower end, and estimates
of which may be subject to question. Further, we do not have a time
series of new hires which would allow us to test the validity of our model
on historical data.

There are also data problems in projecting or monitoring institutional
behavior. For example, suppose that the institutional response to the
predicted decline in new faculty in the 1980's was to increase the number
of part-time appointments, or raise faculty/student ratios, or switch to
a "three year up or out' policy? How could we observe such changes from
data collected by the CHR, NSF or NCES with enough timeliness that we
could make recommendations for a budget that wouldn't be spent until 3
year latar?
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The essentially demographic models described in this paper are marginal
improvements on those described by Allan Cartter thirteen years ago. At
the time, he was protesting against naively extrapolative models. By ex-
tending the coverage, and perhaps the frequency, of surveys such as those
conducted by CHR and NSF, one could collect the data needed to estimate
the demographic models properly, and to identify those fields for which
demographic projection is an insufficient indicator of future trends in
manpower supply and utiltization. Then, hopefully, one would be able to
formulate models that include economic feedbacks that would add to the
richness {and accuracy!) of our methodologies.

tn spite of all these caveats, we feel that current projections in-
dicate that there will be a significant trough in the hiring of young
doctoral faculty during the pnext fifteen years, and that the situation is
serious enough to warrant some intervention such as the Junior Scholars

Program discussed in our earlier report,
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APFENDIX |

FESULTS OF SIMULATIONS FOR .
CHR-DATA-BASED DOCTORAL MOPEL, NSF-1, AND NSF-2

#
Results are reported here for every fifthk projected year.
A full set of results is available from the 2uthors on request.
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CHR
COP-EASED PROJECTIONS SCALED 70 RSP'S 1977 §/E FAQUIAY STOCK

{Ten Fac)
(Non=Ten)

onder)
{(Praction}

{Teny Fac)
(Non Ten)

TOTAL FAQULTY: DOCTORNIE ND NONV=-DOCICRAIE
Projected Yesrs
1977 1982 lo487 1992 1997

Biclogical Age Distribution of Termred Faculty

-004 003 001 002 002
.006 '033 '023 -021 '019
»205 142 072 063 067
'1” 'm '170 '107 'm
177 193 238 .187 .128
145 164 +192 + 246 +201
'115 * 126 '155 '1” 'm
059 087 103 133 . 168
-014 +024 -043 051 069

149 176 .159 123 188
'352 * 35‘ '339 '3‘61 -308
246 . 227 .239 242 .235
114 .120 .124 .130 131
. 065 .06 . 069 071 .07
+036 032 .035 .039 .037
.021 .01? .019 019 .019
.011 .011 .011 .010 - 009
.w‘ .00‘ 'm 'w‘ ;m3
Median Biological Age
46.23 48.42 50.84 53.40 55.76
35.98 35.51 36.04 36.26 36.08
Faculty of Mcademic Age Seven or lLess
47713 43048 30421 30156 32636
0.309 0.260 0.195 0,202 0.218
Faculty Temue Proportion
.699 . 725 . 769 . 765 . 707
New Hires
5630 6283 5727 2798 8156
Deaths and/or Retiraments
2276 2493 3509 4178 4733
Totai NMumber of Facut
154621 165473 156370 149366 140402
Agaregate Quitrates
.0001 . 0002 . 0002 L0001 .0001
.0332 0622 . 0887 L0454 L0284
Prawtion Rates
,1119 ,0902 ,0589 .0617 0754
Aggregate Death and Retirement Rates
_n1s 0181 0223 Ryl L0322
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NSE PARAMETERS AND QOMSTRATHNED DEMOGRAPHIC DEMAND

Appendix |

Ages
26 - 30
31 - 35
36 - 40
41 - 45
46 - 50
51 - 55
56 - 60
61 - 65
66 - 70

Ages
26 - 30
31 ~ 35
36 -~ 40
4] - 45
46 ~ 50
51 - %5
56 = 60
6l - 65
66 - 70
(Ten Fac)
{Non-Ten)
{tuamber)
(Fraction)
(Ten Fac)
{Non-ten)

TOTAL FACULTY: DOCTORATE AND NCN-DOCTORATE
ected Years

15977 1982 1587 1992
Bioloaical Mge Distribution of Tenured Faculty

.010 .004 -002 -002
'120 '050 ;045 ;035
,192 .195 »118 -096
‘18 T208 .213 .142
.163 »186 »200 -222
,150 147 175 . 202
.101 130 ;133 172
" 060 “o8d .115 .128
" 006 2000 .000 . 000

Of Non-Tenured Facuity

.152 .214 ,201 .149
,488 .41 .42 .459
,210 ,216 221 ,228
,084 ,089 .0%0 ,093
.041 ,041 .043 ,045
.019 .016 .017 .018
,005 ,005 ,005 , 005
,002 .001 .001 ,001
.000 . 000 ,000 . 000
Median Biological Age
45,49 47.23 48.86 51.04
34.31 34,19 34.45 34.67
Faculty of Acadamic Age Seven or less
71639 63407 46841 43733
0.463 0.374 0.285 0.272
Faculty Tenure Proportion
» 634 .682 .762 973
New Hires
8723 7718 3656

Deaths and/or Retiraments

1961 2817 355
Total thamber of Faculty
154631 15959¢ 164167 160533
Agareqate Quitrates
D327 W10 -0632

gggggtion Rates
N .0996 +0853

Aggreqate Deatn and Retivement Rates
L0117 L0171 .023
L3

1937

003
029
* 092
»124
»155
»228
»202
.167
000

272
.414
»181
077
.038
.014
004
»001
.000

33.24
33.58

47568
0.290

+737

10009

4146

164301

»0689

0257
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NSF_PARMMETERS AND A TWO-SFEMENT LINEAR DEMAND

Appendix !t

1977

TUTAL FACULTY: DOCTGRATE AMD NON-DOCTORATE

Projected Years
1982 1987 1992

Biological Age bistribution of Tenured Faculty

Ages
26 ~ 30 ,010
31~ 35 .120
36 - 40 .192
4] - 45 .1aq
46 - 50 163
8l - 55 .150
56 - 60 .10l
6l - 65 | 060
66 - 70 . ,006
\
Ages
26 - 30 ,152
31~ 35 498
36 - 40 210
41 - 45 084
46 - 50 .041
51 - 55 019
56 - 60 005
61 - 65 002
66 - 70 ,000
{Ten Fac) 45.49
{Non-Ten) 34.31
{(Mumber) 71639
(Fraction) 0.463
+654
134631
(Ten Fac)
(Non=Ten)

,003 .003 ,003
047 042 .040
.195 .105 .100
+204 213 131
.187 +203 »220
148 179 «203
»131 137 .173
085 118 .130
'mo .000 .om

Of ton-Tenured Faculty

.218 .igg 208
'410 * '431
'220 214 .210
090 »088 .087
041 -042 042
-016 017 . 016
005 005 005
.001 001 »001
.000 000 - 000
Median piological Age
47,31 49,19 51.15
.27 34,28 34,20

Faculty of Academic Age Seven or Less

53435
0,318

50571
0.308

54315
0,338

Faculty Tenure Proportion

716 +7139 127
New Hires
2195 7517 7865
Deaths and/ar Retirements
1952 2811 349
Total Marber of Faculty
160506 ledle? 167828
Mppregate Quitrates
.1088 .0921 .0752
Pramotion Rates
0866 .088 .082

Mgreqate peath and Retirement Rates
a1 01712 Tt Lo22a

1997

»003
'“2
.m
»128
»141
.m
.197

-164
'mo

'220
+42€

085
016

56607
0.330

»715

2750

4137

171489

.081

.0803

0242
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DOCTORAL NEW HIRES: THREE YEAR MOVING AVERAGE
YEAR CHR~BASED OATA NSF~1 NSF-2
1879 6219 8497 6392
1980 6056 8266 6527
1381 5674 7831 6725
1982 4998 6862 6620
1983 k552 5425 5890
1984 386G k363 5509
1985 3578 Lioe 5439
1986 3831 5198 6065
1987 k758 6293 6360
1988 5787 7405 6575
1989 5410 6739 6663
1990 Log7 4935 6L02
1951 28676 3170 6319
1992 2617 32C0 6343
1993 3437 4636 6618
1994 3591 5837 6788
1995 Lty 7308 7058
1996 5445 8003 7284
1997 7160 €054 7320
1998 8497 9660 7422
1999 9534 10842 7617

O

Aruitoxt provided by Eic:
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APPENDIX 11

CHR-DATA-BASED PROJECTIONS OF
DOCTORATE FACULTY*

#*
Results are reported here for every fifth projected year.
A full set of results is avallable from the authors upon request.
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CHR~BASED PROJFCTIONS OF [OCTORATE FAULLY

Apportis 10

Mes
26 ~ 30
31~ 35
3% - 40
4] - 35
46 - 50
51 - &5
5 -~ 60
€l - 65
66 - 70

Ages
26 - 30
31-35
36 - 40
41 - 45
46 ~ 50
£l - &5
5% - &C
6l - 65
&6 - ¢
{Ten Fac)
{hor-Ten)
{Numbet)
(Fraction)
(Ten Fac)
(Kon-Ten)

Projected Years

1977 192 1987 1992
Biological Mge pistribution of Tenured Faculty

.004 .003 .001 002
086 .033 022 025
. 205 .142 077 063
1€ .229 170 .107
77 .193 .238 .17
145 .1€4 .192 . 246
LA15 .12¢ .155 .1920
.05 . 087 .103 .133
015 .024 -043 031

Cf Fon~Tenured Faculty

.149 176 159 .122
.352 .32 .339 .3€1
+246 .227 .239 . 242
.11 120 -124 L130
€5 .06 .069 071
036 032 .035 L.C19
.021 017 L0192 .019
011 .011 .01 .010
004 .004 005 .004
Median Biological Nge
46.223 48,42 50,64 53,40
3s5.98 35.51 36.04 36.26
Faculty of Mcalaric Pge Seven or Less
60597 54€5] 38621 3B2€5
0.309 0.260 0.195 (.202
Faculty Tenure Proportion
.699 .72 . 769 . 765
NEW HIRES
8417 797 7271 3552
Deaths and/or Fetiremerts
2889 3165 4455 5305
Tota)l bumber of Faculty
195312 21007€ 198520 189628
Mgregate Quitrates
0001 . 0002 .0002 .ot
L0532 0622 0687 . 0454
Pranotion Rates
1119 .0902 .0589 .0617

Mggregate Death and Fetirenent Fates
015 .0151 L0223 L2714

77

1997

0002
.019
067
. 096
-128
.201
+250
- 168
.069

. 1g8
+308
+235
-131
.071
037
.019
-009
.003

55.76
k.08

41433
0.218

. 707

lo3ss

6009

189674

.Conl
-0z84

.0754

.0322



CHAPTER IV

ALTERNATIVE APPROACHES TO MODEL ING THE DEMAND FOR
SCIENCE AND ENGINEERING FACULTY

Donald J. Hernandez
Soctal Science Research Council

The results presented in the two preceding papers of thls volume are
somewhat puzzling because, despite their broad qualitative agreement on
the nature of future developments in the market for science and engineering
faculty, the Kuh-Radner and the NSF attempts to account for quantitative
differences in projected trends are at odds. NSF projects a smaller decline
in hiring and in the prcportion of young faculty than does Kuh-Radner.
The Kuh-Radner analysis of the alternative projections implies that the bulk
of this difference results from different assumptions about the time-
pattern of student demography and faculty demand, but NSF's analysis
attributes a much smaller proportion of the difference in projections to
this source, citing differences in assumptions about promotion rates and

staff upgrading as more important.

The purpose of this paper is to explore further the reasons for the
differences in the NSFf and Kuh-Radnes projections. Although available data
and analyses do not permit a complete resolution of these differences, the
comparison of the two studies does serve to clarify similarities and dif-
ferences in their approach, and to point up importart metholodagical lssues
which arise in comparing studies that differ in modeling techniques as

well as empirical assumptions.

To begin this discussion, a general model for projecting the demand
for new faculty in higher education is briefly described. The model
can be conceived as consisting o, two analytically distinct components,
a growth component and a replacement component (Cartter, 1976, p. 120),
First, since growth in the total demand for faculty is supplied
through hiring new faculty, it implies a corresponding demand for new
faculty. Similarly, since a need to replace existing faculty is met through

hiring new faculty, it also implies a corresponding demand for new faculty.
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For colleges and universities, the growth component in the demand for
new Ph.D. faculty can be seen as depending on four factors: the size of
the college~age population, the proportion of college-age people who
attend college, the faculty-student ratio, and the doctorate faculty-
total faculty ratio. The replacement component can also be seen as depending
upon four factors: the faculty death rate, the faculty retirement rate,
the net rate at which tenured faculty voluntarily move from academia, and
the rate of failure to obtain tenure. The extent to which a speclfic
projection of the trend in new hiring is plausible depends both on the
nature of its underlying assumptians with regard to these eight factors

and on the nature of the projection model that links them.

Before turning to a comparison of the NSF and the Kuh-Radner results,

it is useful to summarize their approaches, as described both in their
papers in this volume and in their earlier work (Radner and Kuh, 1978;
NSF, 1979). -

1. Radner and Kuh

The Radner and Kuh {1278) analysis draws upon the classic work of
Allan M. Cartter (1976) to project the demand for new doctoral faculty
throughout academia, the setting in which the majority of scientists and
engineers work and in which the majority of basic research is conducted.
in order to project the demand for new faculty through growth, Radner and
Kuh employ: (1) U.S. Census projections of the number of people in the
prime college ages, (2) Cartter's (1976) assumptions about the propensity
of the prime college-age population to enroll in college, (3) a constant
faculty-student ratio {1 to 17), and (#) a constant doctorate faculty-
total faculty ratio {1 to 2). Yo project the demand for new faculty
through replacement, Radner and Kuh employ the following assumptions:

(1) a constant death rate based on U.S. Public Health Service data for males,
(2} a faculty retirment rate which implies a median age of retirement of
about 66 in 1976, rising to about 69 in 1983, and remaining constant there-
after, (3) a net attrition rate for tenured faculty that rises from

4.8 percent in 1976 to 8.7 percent in 1985 and 1986, and then falls to
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4.8 percent in 1995 and thereafter, and (4) a nontenured retention rate
after seven years that falls from .7 for the 1977 cohort to about .6 for
the 1982 cohort, and then rises to above .7 for the 1987 cohort.

Formally, the model used to derive the projections is a Markov model
with nonstationary transition probabilities. Because the values of
parameters in the model are allowed to change on an annual basis, the
values of the resulting projections for a specific year depend upon both
the particular values of the parameters for that year, and the cumulative
effect of fluctuations in the parameters during the preceding years. |In
other words, the model traces out the year by year evolution of the faculty
age distribution, the new hiring required by growth and replacement, the
tenure ratio, the proportion of young faculty, and other results, based
on the values of parameters which in many cases change annually in a
nonlinear fashion. The results of this paper refer to the entire faculty

at all four-year colleges and universities.

in a8 second paper, prepared for this volume (chapter 111), Kuh and Radner
extend and refine their results by employing more recent data and by
deriving estimates specifically for science and engineering faculty. Two
major differences distinguish the two sets of projections. First, in the
more recent projections, the initial age and tenure distribution and number
of doctoral faculty in 1975 are derived from the 1975 Comprehensive Survey
of Doctoral Scientists and Engineers conducted by the Commission on Human
Resources (National Research Council, 1976) instead of the Carnegie Council's
1975 Survey of Faculty. Second, the total faculty size is sca2led down to
3 value consistent with the baseline science and engineering faculty stozk
of the NSF (1979) data base for 1977. With these changes, Kuh and Radner
derive a new set of projections.

The resulting analysis implies that the annual demand for new science
and engineering doctorates will drop by about 46 percent between 1978 and
1985, will rise to roughly jts former level by 1983, but then will fall
precipitously by 1991 to 35 percent of the 1978 level (chapter 1!!). Mare-
over, the ratio of recent to total Ph.D. science and engineering faculty
is projected to fall to an average of 25 percent below its 1977 level be-
tween 1987 and 1996 (chapter 111}, Insofar as young scholars and/or
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continuity in the age structure of science and engineering faculty are
necessary to the health and productivity of basic research, these trends
suggest that without policy intervention the vitality of science in the
U.S. may fall short of its potential during the coming years.

Perhaps the most obvious limitztion of these projections is the
method of deriving college and university enrollment. The procedure
assumes that fluctuations in enrollment are determined primarily by
fluctuations in the size of the prime college-age population, but the
demand for college graduates due to economic change might also influence

the college enrol Iment rate.

1. National Science Foundation

For the purpose of this analysis, the National Science Foundation (NSF,
1979) projections can be distinguished from those of Radner and Kuh in four
important respects. First, the NSF projects the demands for science and
engineering doctorates both for higher education and for other sectors of
the economy. The projections for higher education are discussed here.
Second, the NSF develops a separate forecast for each of the broad fields
within science and engineering, and combines the results to obtain an
aggregate projection. Third, the NSF bachelor's degree projections that
underlie its tota} faculty demand projections are derived without ex-
plicitly incorporating distinct mathematical assumptions regarding the
future size of the prime college-age population. Fourth, with regard to
most of the basic parameters and modeling procedures, the NSF assumes

either constancy or a linear pattern of change over time.

In order to project the demand for new faculty in the physical sciences,
the mathematical sciences, the life sciences, and engineering, the NSF
begins by regressing past numbers of faculty in each field on both past
numbers of bachelor's degrees and a time trend variable related to past
bachelor's degrees. Projections of future bachelor®s degrees are then
inserted into the regression equations to obtain projections for the future
faculty size of colleges and universities. The degree projections that are
used for the physical sciences, mathematics, and the life sciences assume
that "trends existing as of 1976 in the numbers of baccalaureate degrees
awarded by field and sex will continue through 1987. The rate of change,

however, is assumed to be one-half the current rate {NSF, 1979, p. 2)."
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Engineering degrees are piojected with an econometric approach that links
degree awards to market conditions (NSF, 1979, p. 19). For the socia}
sciences, it is assumed ''that total social sciences staff will remain
constant during the projection period (NSF, 1979, p. 12}.'* These pro-
cedures produce a relatively large rise in the projected number of bachelor's
degrees and a projected increase of six percent in total faculty size

between 1977 and 1987.

in chapter {1 above, the NSF projects the demand for new faculty thrdugh
replacement by assuming: (1) a constant Jeath rate (the Teachers Insurance
and Annuity Association (T1AA) death rate for males), (2) a faculty retire-
ment age of 66 vears, {3) a zero percent rate of moves of tenured faculty
out of academia, and (4) a rate of failure to obtain tenure of 50 percent
after seven years. Finally, it is assumed that 85 percent of all new
hires will have Ph.D.'s. The baseline faculty age distribution is based on
the 1973 American Council on Education (ACE) Faculty Survey.

With the single exception of engineering degrees, the NSF projection
procedures thus assume that the values of all the basic parameters in its
model either change in a linear fashion between 1977 and 1987, or do not
change at all. From these calculations, the NSF concludes that the pro-
portion of faculty who are young will drop from .41 in 1977 to .33 in 198?.1!
This 20 percent decline in the proportion of young faculty is considerably
less than the 27 percent decline projectzd by Kuh-Radner (chapter 111)

for the same period.

111. A Comparison of the Ku'.~Radner and NSF Prujections

Perhaps the two most obvious questions that emerge from a comparison of
the HSF results to the Kuh-Radner (chapter 11i) results are the following.
Why do both projections suggest that a sharp decline will occur berween 1977
and 1987 in the proportion of doctoral science and engineering faculty who
are young? Why does the Kuh-Radner projection suggest that the decline

will be considerably more precipitous than NSF suggests?

The twofuld answer to the first question is student demographics and

faculty demographics. As a consequence of the postwar baby boom, the number

l/This change in proportion of young faculty is not reported in
chapter {1, but it was included in a personal communicotion from
Charles Falk to Fred Balderston {chairman of the Forecasting Workshop),
May 19, 1979.
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of people aged 18 to 21 jumped by nearly 60 percent between 1957 and 1967
and by an additional 20 percent between 1967 and 1977 (Cartter, 1976,

pp. 38-39). These increases were 8 fundamental force driving the rapid
rises in college enrollments and hence total faculty demand during these
two decades. The related consequences were a high rate of new faculty
hiring in colleges and universities, and by 1977, a relatively young
faculty age distribution. Between 1977 and 1987, however, the prime
college-age population is projected to fall substantially (Radner and Kuh,
1978). Consequently, both the NSF and Kuh-Radner project an, at least
temporary, end to the sharply increasing enrollments that prevail. The
result is a decline in the rate of hiring new faculty through growth

and an aging of the faculty as a whole.

The effects of these student demographics are magnified by faculty
demographics. Because college and university faculty were relatively
young by 1977, due to relatively rapid hiring during the preceding two
decades, they will experience relatively little attrition due to death and
retirement during the following decade, and new faculty hiring through
replacement will be relatively slight. The combined effect of these student
and faculty demographics between 1977 and 1987 is the projected slowing of

new hiring and rhe concomitant aging of the faculty.

The answer to the second question--Why do Kuh-Radner project a
considerably more rapid fall in the proportion of faculty who are young than
does the NSF?--remains to be found. Answers can be obtained from the
analyses presented by the NSF (chapter 11) and by Kuh-Radner (chapter 1nij,
but they are quite different. The aim of the following discussion is to
describe the source of the differences and to provide a soiution to the

apbarent dilemma.

It is useful to begin with a description of how, other things being
equal, we would expect differences between the NSF and Kuh-Radner in
the eight major parameters to affect projections of new hiring and of the

proportion of faculty who are young.
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First, the net effect of the Kuh-Radner assumptions regarding
fluctuations in the size of the college-age population, changes in the
proportion attendlng college, and the magnitude of the faculty-student
ratio is to produce a projected increase in total faculty size in 1987 that
is one percent above the 1977 level. in contrast, the NSF assumption
that linear trends in the number of bachelor's degrees will continue (at
one~half the pre-1976 rate), when combined with the regression equations
it uses to link bachelor's degrees with faculty demand, produces a pro-
jected demand in total faculty that increases six percent during the
decade. Because the NSF projections call for more rapid faculty
growth, the NSF projections indicate a correspondingly rapid rate of new
faculty hiring. This difference between the NSF and Kuh-Radner pro-

jections implies that, ceteris paribus, the age distribution of faculty

according to the NSF projection will be relatively young in 1987, compared
to that projected by Kuh-Radner. Although both projections cail for

a decline in the proportion of faculty who are young, this difference
between the two projections should lead to a slower decline for the NSF

projection.

Second, the NSF «ssumes that 85 percent of all new faculty hired will
have a Ph.D. Kuh-Radner assume that the present level of 50 percent
Ph.0.'s for all faculty will apply to future new hiring. The result of
this difference is that, ceteris paribus, the NSF would project a

larger number of new Ph.0.'s hired than would Kuh and Radner, resulting

in a slower NSF decline in the proportion of faculty who are young.

Third, the NSF obtained its estimates of faculty death rates from
TIAA data for males. Radner and Kuh employ U.S. Public Health Service data
for males, Since faculty death rates are less than those of the general

population, this difference in assumptions suggests that, ceteris paribus,

the NSF should project less new hiring and a faster decline in the pro-

portion of young faculty.

Fourth, the NSF assumes that all faculty will retire at age 66. Kuh
and Radner assume a rise in the median age of retirement from about 66 in

1976 to about 69 in 1982. Because the earlier retirment assumed by the NSF
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moves senior faculty out of academia more quickly, it tends to produce a
doctoral faculty with a younger age distribution, and a slower decline in

the proportion of young faculty.

Fifth, the NSFf assumes no net movement of tenured faculty out of
academia (other than through retirement or death), but Kuh and Radner
assume a positive movement out that rises and then falls during the
projection period. This difference would tend to produce an older

age distribution for the NSF projections, and a more rapid decline
in the proportion of young.

Finally, the NSF assumes that 50 percent of all new faculty are
retained after seven years, and 50 percent leave the system during the
se/enth year. Kuh and Radner assumptions imply that 70 percent of the 1977
cohort will still be in academia after seven years. The NSF assumption,
that a smaller proportion of new hires will be retained after seven years,
implies relatively more new hiring to replace them, and hence a relatively
young age distribution by 1987, and @ slower decline in the proportion of

faculty who are young.

In sum, differences between these studies in the effects of six of the
eight major assumptions imply that compared to Kuh~Radner projections, the
NSF age distribution of faculty would be younger and the proportion of young
faculty would fall more slowly.gf It is not surprising, then, that the ratio
of young doctoral faculty to senior doctoral faculty falls more slowly ac-
cording to NSF projections, 20 percent versus 27 percent. This analysis
does not account for any differences in the results that derive from the
alternative modeling procedures employed, however. Nor does it indicate
the relative importance for the magnitude of the final results of differences
in the assumptions about specific parameters. UDiscussion turns to these

issues.

g!AlthDUgh a difference in definitions of recent and young faculty is
noted by the NSF in chapter || of this volume in its comparison of NSF (1979)
and Radner and Kuh {1978) results, Kuh and Radner {(chapter |1i} employ the
same definition of recent and young faculty as the NSF, and the distinction is
not pursued further here. With this change, the NSFf (chapter |f) analysis
may be translated into a comparison based on Kuh and Radner (chapter (1) as
summarized in Table 4.1. Although different initial age distributions of
faculty in the two sets of projections are also of some importance, the
impact of this difference cannot be asccrtained én:dnm information at hand.
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Based on the results in Table 4.1, the NSF (chapter 1) analysis implies
that differences in the proportion of nontenured staff retained and in the
doctorate faculty-total faculty ratio account for most of the difference
between the NSF results and the Kuh-Radner results. In contrast, the
comparisons developed by Kuh and Radner seem to imply that differences in
the time profilte in the total number of staff employed are overwhelmingly
important in explaining the sharper decline in the proportion of young
faculty projected by Kuh and Radner. Why are these interpretations quite
different? Before answering this question, it is necessary to discuss the
manner in which these interpretations are obtained.

The NSF derived its estimates of the importance of differences in each
of the parameters with the following procedure.é/ For each parameter, the
NSF began with its own model and then substituted for the NSF value of a
specific parameter the value employed by Kuh-Radner. Because Kuh-

Radner values were substituted for NSF values one at a time, this pro-
cedure answers the following question. Given the specific methodological
procedures of the NSF model, and given the array of NSF assumptions
regarding parameter values, what is the effect on the final results of
substituting the Kuh-Radner values for one specific parameter? This
question is, in effect, asked individually for each of the parameter values
tested and the results are presented by the NSF in chapter Il and in

Table &4.1.

Atthough this procedure allows the NSF to distinguish the impact of
differences in parameter values given its basic model, it does not allow
the NSF to assess the joint effect of differences between the NSF approach
and the Kuh and Radner approach both with regard to parameter values and
with regard to model ing procedures that define the way in which parameters
are linked to each other. Ffor example, the NSF model assumes that changes
in most of its basic parameter values occur in 8@ tinear fashion (or not
at all). Mpre specifically, the NSF assumes that (with the exception of

engineering) changes in the total number of facuity required for each field

é/Personal communication with Larry Lacy of the NSF.
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TABLE 4.1

DIFFERENCES BETWEEN NSF AND KUH-RADNER
PROJECTIONS OF “RECENT" FACULTY RATIOS

NSI KUH-RADNER DIFFERENCE
1986-87 RECENT FACULTY PERCENTAGE 33% 19% 14%
ESTIMATED DIFFERENCE FROM
NSF PROJECTION MODEL CUMULATIVE
SQURCE OF DIFFERENCE (IN PERCENTAGE POINTS) DIFFERENCE
TOTAL. + + ot v vevsnvnvannsonnassnansassannsass -14 -
PROPORTION OF NONTENURE STAFF RETAINED. .- .. -7 -7
ABSENCE OF STAFF UPGRADING...:.cvoooenenooss -4 -11
NUMBER QF ACADEMIC STAFF EMPLOYED.:o+<oes.- -3 -14
DEATH RATES .+ +vovvennns s et +2 -12
RETIREMENT AGE. .. ceecevovrnoonaasssonososns -1 -13
UNACCOUNTED FOR. o vovoonsoovovonsosnsonsosnss -1 -14

Source: Derived from NSF data in chapter 1] as described in text.
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occur tn a strictl linear fashion. Consequently, in estimating fhe

Impact on the proportion of faculty who aré young of a shift to Kuh~
Radner enrollmen{ and total faculty size assumptions, the NSF notes that
by 1987, total fa&ulty d;mand in the Kuh-Radner analysis is one percent
more than the 1977 value. Hence, the NSF replaces lts six percent estimate
In its model with the one percent estimate assuming, in effect, that the

corresponding change projected by Kuh and Radner was a linear one.

This procedure poorly reflects the trend in the Kuh-Radner
estimates which implies a seven percent growth In total faculty demand
between 1977 and 1982, followed by a decline of rou,hly six percent
between 1982 and 1987. The rise and the fall in faculty demand, as pro-
jected by Kuh-Radner, are due to shifts In student demographics asso-
ciated with fluctuations in the number of people in the prime college
ages, shifts which the NSF procedure does not expllicitly take into account.
Such nonlinear changes in total faculty demand and the resulting changes
In new hires have an important effect on the projections of the faculty
age distribution. The inability of the NSF procedure to assess the impact
of such nonlinear changes 1imits the value of the NSF analysis as a means
of assessing the reasons--parameter shifts and nodeling procedure dif-
ferences~-that explain why Kuh and Radner project a relatively sharp fatl
In the proportion of faculty who are young.

in assessing the importance of parameter differences and methodological
differences between the two sets of projections, Kuh and Radner employ a
different approach. They develop three sets of projectlons. The first,
referred to as the CHR-data-based doctoral model, is the one described
above in the section on their projections. It suggests that the prbportion

of faculiy who are young will decline by 27 percent between 1977 and 1987.

The second projection, referred to as NSF-1, employs NSF (1979) parameter
values and baseline data, and takes as given the total faculty stock estimate
of the NSF for 1977 and the NSF projected value of the stock for 1987.
it further assumes, however, that total faculty stocks fluctuate through
time according to the pattern developed in the CHR-data-based doctoral model.
This is equivalent to substituting the Kuh-Radner assumntion regarding the
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nature of fluctuations in student demographics and total faculty demand

for the actual NSF assumptions of nearly linear change. In addition, the
NSF-1 modeling procedure allows promotion rates, death rates, and retire-
ment rates to act through the changing annual projections of the age/
tenure distribution of the faculty, distinguishing it from the NSF modeling

procedure which uses simplifying "linear change' assumptions.

The third projection, referred to as NSF-2, also employs NSF parameter

values, baseline data, and total faculty stock estimates for 1977 and

1987, but it also takes as given the NSF projections of the 1982 total
faculty stock. It then interpolates linearly between the 1977 and 1982
faculty stocks and the 1982 and 1987 faculty stocks. This assumption is
consistent with the NSF assumption regarding student demographics and

total faculty demand. As in NSF-1, NSF-2 allows promotion, death, and
retirement ‘ates to act through the changing annual projections of the

age/tenure aistribution.

Kuh and Radnar were not able to replicate some of the NSF data and
procedures, however. Specifically, instead of using the age/tenure dis-
tributions employed by the NSF, they substituted the CHR-data-based dis-
tribution, and instead of employing the NSF doctoral/nondoctoral faculty
structure, approximating assumptions were substituted. Aside from these
deviations from the NSF model and the application of promotion, death,
and retirement rates to each annual projection of the faculty distribution,
NSF-2 is designed to replicate the actual NSF parameter values and pro-

cedures.

The only difference between the derivation of NSF-1 and NSF-2 is that
NSF-1 is derived with the Kuh-Radner student and total faculty demand
dynamics but NSF-2 is derived with procedures that replicate the actual
NSF student and faculty demand dynamics. In other words, NSF-1 assumes
that student enrollments and total faculty demand respond through time
primarily to changes in the size of the prime coliege-age population. In
contrast, NSF-2 assumes a nearly linear increase in the number of bacca-
taureate degrees awarded, which may be viewed as a proxy for student enroll-

ments, and linear changes in total faculty demand.
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Consequently, the difference between NSF-1 and NSF-2 in the percentage
decline in the proportion of faculty who are young can be Seen as estimating
the impact of the difference between the Kuh-Radner assumptlons and
the NSF assumptions regarding the time pattern of student demographics
and total faculty demand. Subtracting the NSF-1 value of 24 percent
from the NSF-2 value of 30 percent, produces an estimated impact of six
percent. Since the difference between the actual NSF (1979) estimate of
this decline (20 percent) and the Kuh-Radner estimate from the
CHR~data~based doctoral model (27 percent) is seven percent, one can
attribute 6/7 of the difference to the fact that Kuh-Radner and the
NSF employ different assumptions regarding student demographics and total
faculty demand. This is much larger than the corresponding estimate of
3/14 obtained from N3F calculations above., Why s there a large différence

between thesz two esti-ates and the corresponding interpretations?

In both the NSF mode of comparison and the Kuh-Radner mode of
comparison, the magnitude of the estimated effect of a specific difference
in a parameter value or a modeling procedure is influenced by both the
other parameter values and the particular modeling procedure actually em-
ployed in developing the compariscen. In other words, the magnitude of
the 3/14 estimate of the NSF depends partly on the importance of the dif-
ferent student demography and faculty demand assumptions, but it also
depends partly on other specific parameter values and the modeling procedure
the NSF employs in deriving the 3/14 estimate. Similarly, the 6/7 estimate
derived from the Kuh and Radner mode of comparison depends partly on the
importance of the different student demography and faculty demand assumptions,
but it also depends partly on the other specific parameter values and the
modeling procedure that Kuh and Radner employ in deriving the 6/7 estimate.

In short, an unequivocal answer cannot be derived for tne question,
'Why do Kuh and Radner project a sharpor drop in the proportion of faculty
who are your3a?" This entanglement of differences in assumptions and in
modeling procedures is a familiar problem in other contexts, including
macroeconomic forecasting. The controversy between the monetarists and the

Keynesians about the relative importance of fiscai and monetary variables
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in affecting the level of economic activity is an example. This controversy
has defied resolution partly because the two camps disagree not just about
empirical assumptions and results, put also about the appropriate frame-

work to employ in modeling the economy.

Lacking a method to resolve conclusively the question of why pro-
jections of the proportions of young faculty differ, the most reasonable
approach may be simply to average the answers of fered by NSF and Kuh-
Radner, on the assumption that this procedure roughly averages the effects
of the other differences in modeling procedures and assumptions. If this
solution is adopted as the most reasonable convention, it suggests that
the differences in student demography and faculty demand 3ssumptions
between the NSF and the Kuh-Radner projections account for about half
of the difference in the percentage decline between 1977 and 1987 i the
proportion of faculty who are young. This resolution to the problem
suggests that the different assumptions with regard to student demographics
and faculty demand are important, probably the most important, parts of the
explanation for the difference in the results from the two sets of pro-
jections. If so, the relative plausibility of these assumptions is 3
crucial factor in determining the relative plausibility of the results,

In the judgment of this observer, the trend in student enrcllments and hence
the trend in total faculty demand assumed by Kuh and Radner appears to be

more plausible than the NSF assumptions regarding these trends.

As noted above, the Kuh-Radner projection explicitly assumes that
colliege enrollments will respond to future nonlinear fluctuations in the
size of the prime college-age population. Tr. NSF, on the other hand, does
not incorporate explicit mathematical assumptions regarding these fluctuations,
but instead linearly extrapolates past trends in the number of bachelor's
degrees for each field (at one-half the pre-1976 rate).&f The result is
projected estimates of the total future number of bachelor's degrees that

increase linearly through time. I[f  jnstead, the number of bachelor's degrees

i’Engineering degrees are the excepcion, as discussed above. It should
also be noted that the NSF {1979) does compare the results of its degree
projections for science and engineering to the rasults of projections
developed by the National Center for Education Statistics (NCES, 1978) for
all bachelor's and first professional degrees. It finds the result to be
consistent with historical data. It has been argued elsewhere (Hernandez, 1979},
that the NCES projections may also overestimate future enrollments, however.
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responds to fluctuations in the size of the prime colleg:-age population,
this NSF assumption will, other things being equal, tend to produce an
overestimate of the future number of bachelor's degrees, of the future
total demand for doctoral faéglty. and of future hiring. The consequence
would be an underestimate of the future decline in the proportion of

science and engineering faculty who are young.
IV. Concilusion

The two recent projection studies discussed here indicate that, with
the Impending halt to rapid increases in student enrollments, and with a
faculty age distribution which implies relatively little facuity attrition
due to death and retirement, new hiring of doctoral science and engineering
faculty in U.5. colleges and universities will fall sharply during the
next decade. The studies indicute that a major consequence will be a
1977-87 decline of between 20 and 27 percent in the proportion of doctoral
faculty who are young.

The present review suggests that one important, perhaps the most im-
portant, determinant of the difference between the 20 percent estimate of
the NSF study and the 27 percent estimate of the Kuh-Radner study lies
in their different assumptions regarding the responslveness of future
student enrollments and bachelor's degrees to fluctuations in the number of
people in the prime college areas. Since Kuh and Radner assume greater
responsiveness to these fluctuations, their estimate appears to be more
plausible.

Despite the important differences between the results of the studies,
however, the general agreement between them regarding the trends in new
hiring and the aging of science and engineering faculty should pe empha-
sized. To the extent that either a flow of new faculty:into colleges and
universities or continuity in the age structure of faculty is important
to the health and vitality of science and engineering in the 4.5., the

projected changes do not bode well for the vigor of basic research curing

the coming years.
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CHAPTER V
*
THE JOB MARKET FOR COLLEGE FACULTY

Richard B. Freeman
Harvard University

The state of the academic job market has long received attention from
academics, with conmittee 2 of the American Association of University
Professors reporting for several decades on the economic Status of the
profession. The sluggish growth of demand for faculty in the 1970's and
anticipated decline in demand in the 1980's {Cartter, 1976) have led to
more widespread concern about the academic market place, particularly
with regard to the ways in which colleges and universities respond to
depressed conditions.

The purpose of this paper is to examine the operation of the academic
job market and evaluate the potential mode of adjustment to the changes
of the 1970's and 1980's. Part | analyzes several distinctive features
of the academic market and considers how they condition the process of
adjustment to changes over time. Part 1] presents an empirical analysis
of developments in the faculty market from the 1920's to the 1970's and
develops a small econometric model to evaluate the effect of changes in
enrollments and in the supply of potential faculty on salaries and employ-
ment.

The major finding of the paper is that the faculty job market is
highly responsive to changes in the -tate of higher education, with
salaries and empioyment being greatly influenced by changes in demand ang

supply conditions, though with some distinctive institutional peculiarities.

*This article represents a substantive revision and updating of 'Demand
for Labor in a Nonprofit Market: University Faculty' which appeared in
0. Hamermesh, ed., Labor in the Public and Nonprofit Sectors (Princeton
University Press, 1975a),

Reprinted with permission from Academic Rewards in Higher Education,
Copyright 1979, Ballinger Publishing Company
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I. Characteristics of Facu'ty Job Market

The labor market for college and university faculty has certain distinct
characteristics which affect the operation of the market place: the employing
institutions are nonprofit enterprises; both employers and faculty are
extremely concerned with quality issues; the internal market of colleges
and universities limits variation in salaries acros: flelds and is marked
by lifetime employment contracts; the future supply of faculty is 'produced"
within the system; the scale of higher education depends on the demography
of the popuiation. This section analyzes the effect of each o’ these
distinguishing characteristics of academe on the functioning of the -
faculty market, particularly on the responses of the system to declines
in demand. It shows that, for various reasons, the faculty market is
11kely to be highly sensitive to exogenous ‘''shocks,' with much of the

burden of adjustment falling on young faculty and potential faculty.

A. Nonprofit Zconomic Behavior

It §s often asserted that nonprofit institutions, 1ike colleges and
universities, are less responsive to market conditions than comparabie
profit-seeking firms. The model of nonprofit behavior developed here
seeks to dispel this preconception. It demonstrates that the nonprofit
budget constraint. which requires that expenditures equal receipts, actually
increases responsiveness to economic incentives, making employment and
wages in existing institutions more responsive to market ups and downs in

the shovterun than would otherwise be the case; while the entry and exit
of new institutions give academe and other nonprofit employers similar

long-run demand curves to those of profit-seeking enterprises.

fhe effect of the nonprofit budget constraint on adjustments to market
conditions can be most readily analyzed with the standard cost curve ap-
paratus of pr-ice theory. In terms of cost curves, there are two distin-
guishing features of nonprofit enterprises. First, as Figure 5.1 shows,
if the nonprofit enterprise has no required entrepreneurial return, its
cost curve will lie below the curve of the comparable profit-seeking
firm (Ac!< AC), leading to greater output (Q2> Q, at price PO) and hence
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FIGURE 5.1 .
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]
employment. Even if the nonprofit enterprise requires a normal return,-j

output will be greater in the region where profits are above normal

., (P >P0). essentially because the nonprofit constraint requires that
potential excesses of receipts over costs be spent. Second, since profits
must be Zero, the nonprofit firm will be governed by average rather than
marginal cost considerations, at least in rfg}ons of potential profits,

operating along the AC rather than MC curve.= But, as is obvious

in Figure 5.1, the AC curve is more .jastic (less steeply sloped) than the

MC curve, which implies greater responses to changes in prices and costs,
including faculty salaries, than would be the case under marginal cost
behavior. Heuristically, when the academic market experiences a boom,

colleges and universities will jncrease faculty employment more than

would comparable profit-seeking institutions because they will spend what
would have been profits on additional faculty while, conversely, in a
market decline, they will reduce employment more because of the absence

of a "buffer' in the form of profits.

As is demonstrated formally in Freeman {1975a), the differential

elasticity of the cost curves translates into:

Proposition 1: By requiring average rather than marginal cost behavior,

the nonprofit status of colleges and universities makes short-run demand

for faculty more elastic with respect to wages and to shifts in enroliment

than would otherwise be the case.

With a more elastic demand curve, moreover, it can be readily shown
{Freeman 1975a) that:
Proposition 2: Employment of faculty should, because of the nonprofit

1!lt is unclear whether or not the normal entrepreneurial return is to
be included a5 a cost of the for-profit firm, making its operation more
expensive than that of the nonprofit enterprises, If entrepreneurial
return is only a reward for risk-~holding, and risks average out in an
industry, we would not want to include it. 1If, on the other hand, the
entrepreneurial return 1s a reward for “founding' an enterprise requiring
future 'monitoring," the “'free' founding of nonprofit institutions by
donors and gratis trusteeship reduce the cost of nonprofits. They face
a lower price of entrepreneurship in the market as a result of their
nonprofit status.

ngormally. where £, = elasticity of average; €. = elasticity of
marginal cost curve and £4= elasticity of returns to scale, €a = Ey ¥ By
ERIC so that €.<0 due to the U-shape of the Tost curve, £, <f,.
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status of academic institutions, be more responsive to shifts in demand
and supply than would be the case in a comparable for-profit market while
wages should be more responsive to shifts in demand and less responsive

to shifts in supply.

While the arguments and model that underlie these propositions may

fgnore too many features of academia to provide a useful guide to actual

‘behavior, they make clear that, contrary to widely held opinion, non-

profit status per se does not imply lack of responsiveness to market

incentives.

The Subsidy Market and Budget Constraint

il

The importance of the nonprofit budget constraint and of subsidies
as part of the constraint suggest the value of a more detailed look at
those factors in the operation of colleges and universities. To begin
with, Table 5.1 tabulates the receipts of all academic institutions by
public and private status, respectively, in 1973. The figures show that
overall, most of the revenues of colleges and universities come from
governmental sources, with just 27 percent received as tuition and fees
from students. Decomposed by type of institution, we see that over half
of the funds of public colleges and universities {which dominate higher
education) come from state governments, while by contrast, the budget of
private institutions is highly dependent on tuition and fees, although

nearly 20 percent is obtained from endowment and gifts.

The clearcut dependence of public institutions on public subsidization
and the marked but less striking'depéndence of private institutions on
various private subsidies suggest the value of examining in some detail
the mechanism by which those subsidies are awarded to schools. The key
analytic distinction is between funds 'paid" for particular outputs, which
can be viewed as purchase of those outputs at some price, and funds re-

ceived lrrespective of institutional activity.éf

éfln many cases, subsidy prices are explicit, for instance, when &

state pays institutions on a per student basis.
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CURRENT FUND EDUCATIONAL AND GENERAL REVENUE
OF INSTITUTIONS OF HIGHER EDUCATION BY CONTROL, 1972-1973

" iy

All Public Private
Institutions  Institutions  Institutions
Total Educational and General
Revenue 100.00 100.00 100.00
Tuition and fees 271 16.6 499
Federa) government 154 15.0 16.1
Unrestricted 35 4.0 22
Research and other
sponsoted programs 11.9 11.0 13.9
State governments 35.8 51.2 24
Local governmenis 5.2 7.1 B
Endowment earnings 23 .5 6.4
Private gifts and grants 5.8 2.5 13.2
Other 8.4 71 11.2

Source: 11.8. Office of Education (19767 222, ishle 115).
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Subsidies awarded for particular outputs or activities establish a

subsidy market where subsidizers and nonprofit firms trade dollars for

goods. The supply of subsidies to the market is an upward=-sloping curve
linking dollars to outputs in accord with subsidizer demands for nonprofit
goods. In this market, shadow prices are attached to particular outputs
and are important elements in the overall price of the good, influencing
employment and production decisions. The appropriate budget constraint
for institutions which receive subsidies for specific output is:
G+ tE+ SE = WF + PR (5.1)

where t = tuition

= subsidy per student

= enrollment (assumed for simplicity to be the only output of concern)

= wage of facuity

S

E

|

F = number of faculty
R = other resources
PR = price of other resources
G

= fixed receipts {endowments, etc.).

If, as Table 5.1 shows, subsidy markets are segmented with state aid
going to public institutions for certain goods {number of students) and
private aid to private colleges, subsidy prices will differ by source and
institution. This may explain some output and behavior differences among
fnstitutions. Differential financing arrangements will, in any case, provide
important clues to institutional activities and decisions. In the extreme
situation of restricted or tied monies (donations for buildings, professorial

chairs in American studies, etc.) there is a one-to-one corresporndence of

1Eunds to inputs or outputs. If, as seems to be true, donors prefer tangible

apita) goods to less tangible purchases of student or faculty quality,
the price of such capital will be low and buildings, stadia, etc., ex- '
cessive in terms of optimal (unrestricted) budget decision-making. Physical

plant may, accordingly, be 'underutilized.”

What is important about subsidy markets is that they make nonprofit
receipts dependent on market transactions, and not, as might appear to be

the case, on exogenous funding. The empirical problem in using subsidy
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prices to explain phenomena is the absence of explicit price data and

possible confounding of differences in prices and utility functions.ﬁf

Ffixed endownment income or other receipts unrelated to output can be
expected to have a distinct effect on the price or tuition policy of in-
stitutions. When costs increase, revenues obtained from fixed sources
cannot be altered, so that institutions will be forced to raise tuition
by larger amounts than if all of the budget had come from variable sources.
formally, if the fixed receipts constitute B percent of the academic
budget constraint, then an increase In costs of one percent should raise
the price of output by {1/1-B) percent. We would expect, therefore,
tuition charges to be highly responsive to faculty salaries and other

5/

costs, particularly in the private sector.=

Entry and Exit

in the long-run, demand for inputs and wage and employment adjustments
depend on entry and exit conditions in an industry. If new enterprises
enter whenever existing institutions have receipts above costs at the

minimum average cost point, as occurs in competitive markets, firms will

operate at the minimum point in the long-run and have factor demands
appropriate to that equilibrium. If it can be argued that entry and exit
of colleges and universities are governed by the possibility of average
receipts above the minimum average costs, then demand for faculty in _the

long~run will be the same in academia as in a8 comparable for-profit market.

In higher education, the organizations that subsidize academia,
notably state governments, have traditionally performed the entrepreneurial
function of forming new enterprises. As long as the states seek to obtain
desired output {places for students) at the lowest cost, it can be readily
demonstrated that they will tend to create new colleges whenever costs

rise above the minimum (AC> AC) for when this occurs the subsidizers can

ﬁfwhile confounding could be important in comparing institutions at a

point in time, time series data on, say, governmental funds can be used to
infer changes in '"subsidy prices"” over time.

éfSince only t changes, balancing the budget requires o t=ao Q, which
leads to the possibility that increases in academic salaries could raise
tuition more than the salary increases in percentage terms.
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obtain (1/AC - 1/AC) more output per dollar by reducing subsidies to
existing institutions and using the funds to form new ones. Maximization
of output per subsidy dollar and rational subsidy behavior guarantee an
infinTtely elastic supply of institutions (barring lumpiness) at the
minimum point AC. While the argument focuses On average cost as the
motivating force, the particular way in which excessive costs influence
behavior will depend on the institutional structure of the market. If
tuition (t) is fixed (as in some state universities} shifts in the demand
for education will not alter AC but rather the number of applicants re-
Jected by universities. The resultant 'shortage'' of places will then

mot ivate entry in the same_manner as excessive cost in the preceding
discussion. Geographic transportation and residence costs, coalescing

in demands for local colleges, offer another specific impetus for new

colleges and universities.

Table 5.2 examines the number of institutions in the higher education
market in the period under study. It shows a striking increase in the
number of colleges and universities from 1960 to 1975, when over 1,000 new
educational institutions were formed, primarily by public bodies at the
junior and community college level. The rapid influx of institutions
suggests that the supply of public colleges and universities is very
elastic with respect to the demands of students and their families and to
the economic conditions underlying those demands, and thus that the long=-
run demand model is more relevant to changes over time than might initially
be expected. While the usual arguments about sunk cost imply that exit
will be a more sluggish process, there is some evidence of @ marked change
in the 1970's. Between 1970 and 1975, &4 colleges closed and 30 ended
independent status by merger.éf Many states began the task of reducing
proliferating graduate programs and relatively few planned on expansion of
higher education. The number of institutions in the market may not fall
in the late 1970's and 1980°'s, but it will surely not rise. Changes in
numbers of programs and, to a lesser extent, in numbers of institutions are
likely to play an important role in the demand for faculty in the future,

as they did in the expansion of the past.

éfThese figures were obtained from American Council on Education,
Acciedited Institutions of Post-Secondary Education, 1976-77 (1977).
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TABLE 5.2

NUMBERS OF ACADEMIC INSTITUTIONS

Four Yeor Two Yeor Total
1950 1382 527 1,847
1960 1,447 593 2,040
1970 1,676 897 2,573
1975 1,914 1,141 3,055
Compound Annual Changes
1950-1960 0.9 1.2 1.0
1860-1970 1.5 4.2 2.3
1970-1975 27 4.9 5

Source: American Council on Education (1976: 76, 142;1977).
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B. Quality of Inputs and :Outputs

Academic concern with the quality of faculty and of institutions is
likely to cause some distinztive patterns of salary and employment behavior
in the market. On the demard side, concern with the average quality of
faculty means that institutiins must choose between numbers used and the
quality of those hired, which‘creates distinct cholce sets, along the lines
set out by Houthakker's (1952453) model. The distinctive feature of the
quality-quantity interaction 1% that the cost of increasing the number or
quality of a department dependé critically on the average quality or size.
Assuming concern with average quality, incre;ses in quality are more ex-
pensive the greater the size of the department; conversely, the cost of in-
creasing the size of faculty will depend positively on quality., The
relative cost of the quaiity of faculty versus the number hired depends
directly on the number and inversely on the quality, with definite con-
sequences for market behavior. On the supply side, individual concern
with academic quality leads to divisinn of the market into various sub-
groups, with Ph.D.'s willing to take lower pay in more highly rated schools.

The critical role of quality considerations in academia has sub~
stantial implications for the market adjustment process. First, it is
likely to make changes in the quality of personnel and institutions, as
well as the number of appointees, important in market adjustment. When
faculty wages decline due to a weak market, the types of institutions at
which new Ph.D.'s obtain jobs are likely to drop while the average quality
of institutional appointments rises. It js even pofsibl. that the quality
adjustment will produce a perverse change in employment, as Jlower wages
and abundant supply lead to improvements in the quality of appointees,
which raises the cost of increasing numbers.zj While such perverse
patterns are not, in fact, found in the data (see Part I1), evidence on
the quality of the academic institutions of first placement shows clearly
that the quality of appointments is a major adjustment parameter in the

market, In the late 1960's-~early 1970's decline in the academic market,

1/

L'Becker and Lewis (1973) consider this effect in great detail.

- i
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the proportion of new doctorates obtaining jobs outside of Cartter's
“‘rated" universities dropped from less than one-half in 1967 to over
two-thirds in 1971; the proportion in Level | or ti universities was
halved and, regardless of work activity, new Ph.D.'s were increasingly
likely to end up in Institutions of lower quality than that from which
they obtained the degree (Niland, 1973).

Second, the desire of faculty to work in institutions with high average
quality drives a wedge between the wages and marginal cost of hiring
personnel, which may account, at least in part, for the well-known
“rationing' of places in top institutions. This is because a lower quality
appointment has two costs: the direct salary paid the individual and the
likely increase in the salary demands of other faculty, whose work con-
ditions will be adversely affected by their appointment. As a result,
high quality schools will find it very expensive to employ lower quality
faculty, while conversely, lower qual ity schools will have to pay enormous
premia to attract the more able, leading to concentration of academic
Ystars' in a2 few places and rationing of appointments in those schools.gf
When student concern for quality makes them willing to pay higher tuition

.to associate with the more able, a cimilar pattern in the student market

is also likely. Place rationing and concentration of the more qualified
in a limited number of institutions will be observed.

Third, quality considerations can be expected to play a major role in
salary determination, with those judged of higher quality receiving greater
pay. As is shown in Table 5.3, such a pattern is found between even as
crude a measure of academic quality as articles published and individual
salaries, with virtually all studies of academic salary determination
finding that, other factors fixed, number of articles significantly raises

earnings, constituting one of the major determinants of salary.

§/5ince there are relatively many lower quality faculty at poorer
schools, it might appear that their change in wages would more than counter-
balance the increased supply price of qualified faculty, leading to dis~-
persion of the more able. The number benefitting from high-quality
col leagues may, however, be quite limited and the benefits greater for

others of similar talent, producing the concentration observed in academia.
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SUMMARY OF STUDIES OF THE EFFECT OF NUMSER

OF PUBL §CATIONS ON ACADEMIC SALARIES

Effect of Publications
Study ond Yeor Datg Set Controls Significent (/)
Tuckman and Leshey (1975) ACE male 1,8-6,8,(9) v
full-time economics
facully 1972-1973
Siegried and White (1973) University of Wisconsin 1, 2,3,{5),(6), v
Madison, economists (8),(9)
1971
Katz (1973) $96 faculty at single 1.2,3,(5).{6).7.(8), 9 v
university
Ferber (1974) 132 faculty at single university 1, (5), (6),(8), ¢9) v
Freeman {1977¢) ACE sample of 3,500 1,2,(4),6,17,8,(9) v
whites and blacks
Astin and Bayer (1972) ACE sample of 60,000 1,2,3,5,6,7,8,(9) v
persons

Note Lo controls

1 = years of experience

2 = administrative duties
3 = teaching productivily
4 = ruce

5 = department gualily

G = region

T = guality of dejiree

8 = Lype of institution

9 = gex

{ )= controlled by focusing on group having single characteristic
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C. lInstitutional Aspects ot »cademia

Turning to more specific features of the acagenic market, three aspects
deserve attention: desire for an "equitable" wage structure which rewards
faculty roughly equally across specialti s; tenure, which guarantees
lifetime employment; and recent unionization.

internal Salary Policies

That most colleges and universities would like to pay faculty of
similar rank, experience, and academic ability, but different speciallization,
the same basic salary is evident from expressed salary goals. A 1973
Dartmouth College compensation committee, for example, stated that "since
Institutions constitute essential communities of scholars, there is »
general feeling of what may be termed academic equity--that differences
of compensation among faculty members of equal experience and standing
within their own special fields should be as small 35 s consistent with
maintenance of high=quality faculty in each department.” National £ducation
Association (1972) surveys show that nearly al] institutions have explicit
faculty salary schedules, providing for minimum-maximum or average pay

based on merit, rank, and experience, applying equally across fields.

In essence, universities affirm an intellectual value structure that
presupposes little or no inherent superiority to knowledge in various
fields, in place of market valuations. According to this nonprofit "price
scheme.' faculty are judged by their intellectual quality and scholarly
output, with differences in the market price of output (which is substantial
between, say, economics and Hittite archeology) ignored 8s much as possible
in determining wages. Underlying the rejection of market prices is the
real ization that valuation of knowledge involves considerable uncertainty,
nonappropriability or externatities, and time horizons which may be in-
adequately handled by for-profit market prices. '

Another factor leading to the equitable wage goal js the tendency for
university administrators and members of faculty committees to come from
various departments. The Dartmouth compensation committee, for example,
included professors of economics, French, mathematics, and sociology, among
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other fields. Explicit or implicit bargalning on such committees or in
administrative decision-making, with unclear standards of judgment, diverse
evaluations, and similar 'bargaining power,"” is likely to produce

symmetric treatment of flelds, as some game theory models would predict.
When faculties are divided by schools, on the other hand, as among law,
business, medicine, and arts and sciences, pressure for wage equity across

. - & .
disciplines will be attenuated. ) -4 ¥ * ¢

-

Whatever the cause, the aesire for interflield equity in salaries
exacts & cost On the university system where nonacademic opportunity
wages differ. This cost must be traded of f against other goals and ex-
penditures in the decision process. The use of resources to purchase
equity in salaries will produce a pnarrower interfield dispersion of
salaries in academia than in industry; shortages (surpluses) in specialties
where opportunity wages are high (low), and reliance on compensatory
nonmonetary remuneration schemes to alleviate market problems by
widening the real incentive structure, despite the constraint on salaries.

Such compensation policies would include differential work conditions
(office space, secretarial aid), speeds of promotion, 1iberal outside
time rules, provision of special professorial chairs, of iaboratories,
etc., though equity pressures may also limit these options. As such
rewards are possible in the absence of the “‘constraint' on salaries and
substitute imperfectly for flexible salaries, they will only partly
alleviate the manpower problems due to the equity goal. Hiring standards
are, as a consequence, tikely to be an extremely important adjustment

tool, with lower guality faculty employed in ''shortage' fields and higher
quality faculty in 'surplus' areas, where job rationing will prevail.

Comparisons of the Interfield structure of academic and nonacademic
salaries in Table 5.4 suggest an important role of the equity goal in the
market. ﬁcademic salaries turn out to be much more narrowly dispersed
across fields than are industrial salaries, with a range of $3,700 versus
$8,200 in the same fields and 3 coefficient of variation across fields of
.059 in academia versus .102 in industry. More importantly in terms of
adjustment processes, a similar pattern 1s found in comparisons of percentage
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3 TABLE 5,4

MEDIAN ANNUAL SALARJES AND MEASURES OF
OISPERSION BY FIELD, 1975

: Four Year Colleges
Field Business/Industry and Universities
L @emiﬂa 25,900 20,700
v Physicists, Astronomers 25,900 22,200
o3 Mathematicians 26,100 20,400
B Statisticians 24,400 22,200
5 Computer Specialists 23,900 22,700
' Earth Scientists 26,400 20,900
Atmospheric Scientists 22,600 23100
Engineers 26,000 23,600
Biologists 24,900 20,400
Medical Scientists 29,900 24100
Psychologists 30,500 20,800
Economists 30,800 22,800
Other Social Scientists 22,900 20,500
Agricultural Scientists 23,200 20,800
dispersion siatistics
range $8,200 $3,700
standard 2,650 1,288
deviation
coefficient of
vaviation 0.102 0.059

Sources: National Science Foundation {1977: 63, table B-15).
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change in salaries. From 1970 to 1975, the standard deviation of the log
change of the salaries of academic doctorate scientists was .089, while the
comparable industrial variation was .385.2f Recruitment also appears to

be influenced by the interfield salary structure, as predicted by the
analysis. In 1964, when the academic job market was very strong, vacancy
rates in universities, defined as the ratlo of unfilled budgeted positions
to newly filled and unfilled slots were substantially positively cor-
related {r = 0.88) with the ratio of nonacademic to academic salaries in
1964 (Yable 5.5). Vacancies, like high wages, are likely to attract
additional specialists due to the increased probability of obtaining

desirable jobs and are thus, to some extent, self-correcting.

Finally, a riqid "equitable salary" policy will alter elasticities
of response to supply-demand imbalances in particular fields. Under a
fiexible wage regime, when a one percent change in wages clears the
market in a specialty accounting for & percent of the faculty budget,
average wages change by ¢ percent while in a world of rigid wages among
fields, the same adjustment requires that al!l salaries change by one
percent-~1/a times as great. Formally, the constraint reduces the
elasticity of demand or supply in a field from say n and £ to an and o€,

necessitating the greater response to attain equilibrium.
Tenure

Tenure, which guarantees lifetime employment to the faculty except for
reasons of institutional financial crisis or incompetency, i$ a much
criticized feature of the academic market, though in some respects, it is
quite similar to industrial seniority systems, which also protect older
workers from the vagaries of the market. Both tenure and seniority result,
in part, from workerz' desire for job security and their willingness to
forego income for seniority" both place the burden of market adjustments

on the young.

9/

<'The variances for 1964~1970 were calculated from salary data from the
Nat ional Science Foundation, American Science Manpower (1970), table A-14,
p. 84, The 1975 figures were obtained from the National Scien.. Foundation,
Characteristics of Dcctoral Scientists and Engineers in the U.S., 1977, table
B-12, p. 63. The analysis covered all fields in Table 5.4 except engineering
and other social sciences.

liy
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TABLE 5.5

THE IMPACT OF THE {NTERNAL SALARY CONSTRAINT ON THE RATIO OF INDUSTRIAL
TO ACADEMIC SALARIES AND ON UNFILLED OPENINGS !N UNIVERSITIES, 1964

Ratio of
Industrial to >
Incrementat Acodemic Solories Rank of
Vacancy Rate® 1964

Field {1} 2} {1y (2)
Physics 0177 147 1 3
Economics 0.162 1.72 2 1
Mathematics 0.143 1.65 3 2
Psychology 0.123 1.45 4 4
Chemistry 0.095 1.40 5 5
Buwology 0.069 1.33 6 7
Agniculture 0.028 1.08 7 8
Geology 0.017 1.37 8 6

“The incremental vacancy rate is the fraction of new budgeted positions unfilled
in a given Year.

b The Spearman coefficient js 0.88.1 percent level of significance is 0.83.

Sources National Education Association (1964} Nat »nal Science Foundation
{1961).
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what distinquishes tenured faculty from other senicr employees is the

power to hire additional faculty who do essentially the same work and couid

replace chem on the job. It is this power which makes university departments
similar to Yugoslav-type collectives, with average quality of departments
rather than profits as the maximand and the quality of appointments,
generally not the number, as the policy variable. In the absence of

tenure, the operational problems involved in faculty hiring and firing would
be immense, with each professor judging possible new colleagues as com-
petitors who could replace him at the work place and electors deciding his
future. The danger of collusive agreements, bargaining, and coalition
formation seriously hampering education and research is substantial. Tenure
effectively reduces such '"nonproductive'! behavior, making "'partnership'!
viable in the nonprofit market where profit-and-loss sanctions are

relatively inoperative, at least in the short-run.

The historical development of tenure in the U.S5. lends some support
to the hypothesized tenure-appointment power link, for 'the growing parti-
cipation of faculty in the recruitment and selecting of its own members"
and ‘'the shrinking of presidential competence' in appointments occurred
roughly simultaneously with the beginning of the tenure system. It '‘was
one of the instruments whereby university and college professors gained
a nearly exclusive power to determine who was entitled to membership in
their ranks?lgf A more formal test of the tenure-appointment power link
would involve examination of employment in jnstitutions lacking tenure;
deans or presidents are predicted to make hiring decisions in such edu-

cational enterprises.

Tenure, like other seniority arrangements, makes the age structure of
employees and rates of expansion key parameters in market adjustments. When
the higher educational system is expanding, the probability of tenure will
increase above its steady-state levels: to attract additional personnel, many
lower~quality faculty will be promoted and the income of those of tenure
age increased relative to that of older faculty. While the number of tenure

appointments increases, the proportion may remain constant or even fail, due

l-Q-""l'h.*: developments are described in Metzger (1973}, pp. 142-143,
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to rapid expansion. Despite the fixed employment of tenured men, there
are no difficulties in adjusting the mix of faculty to educational or
research demands since expansion in fizlds in great demand is an adequate
tool (Freeman, 1971). The 1960's were, in general, a period of this
type as a result of the extraordinary demand for academic research and

educational outputs.

At the opposite end of the spectrum is a period of market contraction
in which tenure becomes a serious barrier to the adjustment process. In
contracting markets, universities cannot readily keep on young workers of
relatively high quality due to tenure commitments and have difficuliy in
altering the distribution of professors across disciplines to meet changing
market demands. While some tools exist for removing less desirable tenured
faculty, ranging from closing departments to reducing office space and
related perquisites, failing to award normal satary increases or cutting
salaries, and ultimately '"buying out" a position, such activities are
difficult in the university setting. For one thing, the academic job ladder
is short, making it difficult to differentiate among permanent employees
through promotion or assignment of tasks: the professor rank is the top
of the ladder in particular institutions. For another, the collegial
pressures needed to push men out of jobs are presumably unpleasant, especially
in declining markets, and require decisions of the type tenure is designed

to eliminate--those relating to the status of senior personnel.

Patterns of institutional mobility are also likely to be altered in
3 contracting market. In steady-state or expanding markets, it is frequent
for high-quality junior faculty to "invest' several years in top institutions,
where they continue their education, and then move to other colleges and
universities. Contraction creates great pressures against such institutional
mobility patterns, largely on the part of junior faculty outside the top .
schools whose promotion is threatened by importing outsiders. The risk
that immediate post-degree investments in training will not bear fruit will
cause more high-quality younger specialists to move outside major universities

early rather than late in their careers.

When an expanding market suddenly contracts, adjustment problems are

exacerbated, with tenured faculty in younger age categories and relatively
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smail replacement demands for new appointments. Movement to @ steady-state
equilibrium will be extremely difficult and the entire ethos of the system
unpieasant, producing--as Moynihan (1973:11) puts it--"'A Balzacian society,
where, if you want to be a professor, you wait until the man who is pro-
fessor dies. Then the 15 of you who want the job compete in various ways.

One of you gets it."

Finally, tenure probably reduces the efficiency of academics by re-
moving the possibility of being fired for nonperformance. Those nearing
retirement, in particular, may be so affected, since '‘compensatory firing
policies”--failure to grant normal salary increases or salary cuts=- are
likely to have a small effect due to the short future work life. The
danger of loss of pension rights, which exists in industry, is eliminated

by the vesting of academic retirement plans.
Unionism

In 1965, effectively no colleges and university faculty were covered
by collective bargaining contracts. 1In 1976, nearly 15 percent of campuses
were organized {see Figure 5.2). In the brief span of a decade, organi-
zation became an important feature of the academic market place. Collective
organization can be expected to affect the operation of the faculty job
market in several ways. First, it may affect the salary determination
process, and keep relative wages from falling as rapidly as they might in
the 1980's period of declining demand. Second, and perhaps more critically,
bargaining may lead to greater stress on internal labor market mobility,
with existing faculty obtaining greater job security at the expense of new
doctorates. Third, collective organizations can be expected to increase
the fringe share of the compensation package, again to the benefit of
older more experienced personnel. While faculty unionism is too new for
any clear assessment of {ts impact on adjustment processes, it is im-
portant to bear in mind the potential differences in adjustments over time
due to unionism. Comparisons of the policies of organized and unorganized
institutions in the period of market decline would provide valuable in-

sight into the impact of trade unions on the dynamics of market adjustments.

0. Capital Goods and Demographic Factors

The dependence of the demand for new faculty on changes in enrollments

and the production of new faculty from graduate enrollments suggests

11..




-106-

FIGURE 5.2

PERCENTAGE OF COLLEGES AND UNEVERSITIES
ORGANIZED BY UNIONS

'2% 1.

10% 11.7

8%

6 %,

Source: National Center for the Study of Collective Bargaining in Higher
Education (1977): National Center for Education Statistics (1978).
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11/
application of capital goods accelerator models to the faculty market.—

These models highlight the dynamic adjustment problems of an industry
producing and employing a long-lived capital resource such as faculty
and its potential for cyclic fluctuations. Consider first the demand side
of the market, which has a capital goods adjustment or accelerator
structure with respect to enroliments (E) because demand for faculty depends
on enrol Iments as well as academic salaries (W). If, as seems reasonable,
faculty-student ratios are fixed save in response to changes in the real
cost of faculty, demand (Fd) can be written in linear form as:

79 = aE - bu (5.2)
where @ is the parameter for enrollments and b the linear parameter re-
flecting responses to wages. Then, if & is the rate at which faculty leave
the system for retirement or other reasons, demand for new faculty (NFd)
will be

W= e (1)F ) = aE bW - (16)F_ (5.3)
Equation (5.3) is a capital stock adjustment equation in which demand for
new faculty depends on output, cost, and the size of the existing faculty
less '‘depreciation.' [f employment of faculty was at the equilibrium level
in the last period so that F_, = aE_, - bW_,, equation (5.3) yields the classic
accelerator model

NFD = anE - baW + OF (5.4)

which shows that demand for new faculty depends on changes in enrollments,

changes in wages, and the rate of outflow. What is important in equation §.4
is the AE term, which makes demand for new faculty critically dependent

on the growth of the educational system: if, as in the early 1970's, AE

is small, demand for new faculty will be small; if, as predicted for the
1980's, AE is negative, demand for new faculty may become negative. Moreover,
since college and university enroliments consist largely of young persons,
dependence of demand on-Af-makes the faculty market critically dependent

on the age structure of the population. Wwhile in years past, the proportion
of a young cohort in college was sufficiently small to provide an important
buffer to demographic fluctuations, recent increases in enrolflment propen-

sities substantially limit the possible effect of such adjustments to

llfSee Porter (1965), Stone (1965}, Tinbergen and Bos {1965} for fixed
coefficient models.
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future demographic declines. As a result, instability in higher education
due to changes in the age structure of the population is likely to be more
Important in the future than in the past and deserves serious attention

In public policy.

Figure 3.3 graphs log changes in enrollment. from 1920 to 1976 and
prospectlve changes {(as forecast by Cartter) frowm 1976 to 200D. The
filgure shows considerable fluctuations in the change in enrollments, which
Implies considerable ups and downs in the market for new faculty, and

makes clear the potential problem in the 1980°'s.

On the supply side, the fact that new faculty are “produced' by the
higher educational system from graduate siudents leads to a more compiex
market. if, for simplicity, graduate training takes one period and those
planning on academic careers (AG) make their decision on the basis of con-
ditions a period prior to graduation according to an adaptive expectations
process, the supply of new faculty (NFS) can be written as:

NFS = AG_ | = dew_, + (I-R)NFS_I where € is the coefficient of
supply response and A = adjustment coefficient. {5.5)

With a4 given parameter relating graduate students to demand (say, for
simplicity a) and market clearing (NF® = NFP), equations (5.3) and (5.5)
or (5.4) and (5.5) can be solved to yield 3 second order difference equation
giving the dynamics of market adjustment to shifts in exogenous factors.

With reasonable values of the paramﬁgﬁrs, the equation has complex roots that

produce damped cyclic fluctuations.—

]2 - L] . -
*—/TO see the implications of various parameter values we solve the system,
Flrst set (5.3) equal to (5.5)

(1) aB-bu-(1-6)F_, = deW_, + (1-NF°_

a - bw_l and NFS_ = MF':l._I = ak

and substitute to obtain
(2) aE-bW - (1-6)(aE_| - bW_|) = hew_, + (1-x)
fa€ ) - bW - (1-8)at_, + (1-8)bW_]
Focusing on the adjustment of dW we have the following
(3) ~bW = ~(1-8)bW_, + deM_, - (I-A)bW_, + (1-0) (1-8) bW, + X

where X represents all non-W terms {continued on p. 110)

Let F_, = aE - oW, - (1-B)F_,

1 -1

11;
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FIGURE 5.3

LYG CHANGES FOR ENROLLMENT 1920-76
ANO PREQICTED CHANGE §i976-2000
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Source: 1920-76 U.S. Bureau of Census, Historlcal Statistics of the
U.S., series H 321 updated with U.S. Office of Education (1¢77),
table 3.03, p. 177.
o 1976-2000, Cartter {1S76), table 4-9, p. 58 with C-series used.
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The cycle will be longer than the cobweb cycle in the labor market because
demand as well as supply is influenced by enroliment decisions of students.
A typical scenario for the cycle would be: on the demand side, high
academic salaries = increased graduate enrollments =3 greater demand for
faculty =—> higher salaries, a response pattern tending to explosive
movements; and on the supply side, high academic salaries —> increased
graduate enrollments —>» increased supply of new Ph.D.'s — increased
supply of faculty—> decrease in academic salaries, the usual cobweb
adjustment process., The demand-side cycle is attenuated when graduate
students are used as teachers, for the demand increasing effect of graduate
enrollments is reduced and possibly reversed. Investigation of this aspect
of the market requires analyses of the substitutability between faculty

and graduate teaching assistants and consideration of their relative salaries

or costs.

The significance of the endogeneous cyclic mechanism in the faculty
market will differ across fields, depending on the relative importance of
faculty used to produce faculty. When undergraduate enrollment or graduate
enrollments independent of the faculty marketr account for the bulk of academic
demand--as in engineering, for example--fluctuations in the faculty market
will be proportionately small. When, on the other hand, graduate students
ioom large in enrollments and tend primarily to become teachers, as in the
more arcane subjects, fluctuations could be supstantial until equilibrium

is attained,

lnghis can be rewritten as

(W) w= (228w - e+ (-1 (1-6)Jw_, * X

A reasonable value for the squly adjustment parameter {*) is 1/2; a reasonable
value for the outflow of faculty {(8) is 1/20. Since € refers to the supply
response of new Ph.0D.'s and b to total faculty demand, /b <1 because the

ratio of new Ph.D.'s to total fazulty is perhaps | to 20, so that even if

the supply of new Ph.D.'s were 10 times as elastic as demand, €/b would be

at most 1/2. Taking £€/c as 1/2, we obtain

(5) W= 1.45W_, - .73W_, + X

which yields imaginary roots with_dampened oscillations (since the coefficient
on W_, is less than 1) and {1.45)2 < b( 73) .

Foes,
ks
&




Summary

The principal theme of this part of the study is that the academic job
market is likely to be, for various reasons, a highly responsive allocative
mechanism, though one operating under certain well-defined institutional
and structural constraints. The nonprofit status of colleges and univer-
sities and the capital goods/accelerator structure of the market are
likely to produce sizeable adjustments and fluctuations in the face of
changing conditions. The internal salary structure, tenure system, and
concern for quality are likely to create distinct forms of adjustment,

along the lines developed herein.

il. Econometric Analysis of Faculty Market Developments

This section turns from the factors that condition the operation of the
academic market place to the observed patter:. of responsiveness. It
examines the major developments in the market in the 1950's, 1960's, and
1970's and then estimates a small econometric model of employment and
salary determination that can be used to assess past and predict likely

future responses to changes in market conditions.

A. Market Developments

The changing economic position of faculty over the long-run is examined
graphically in Figure 5.4, which records the ratio of faculty salary to
industrial earnings, and the ratio of faculty to nonagricultural emp!oyment.léf
The figure reveals considerable variation in the state of the market over
time, presumably in response to changing economic conditions. Relative
faculty compensation increased steadily in the 1920's, after declining
during World War Il; peaked in 1932 due to slow adjustment to depression
conditions; and then declined to @ minimum of 2.4 : 1 in 1956. From the
mid-1950's until the late 1960's, academic salaries rose compared to other
salaries, as the higher education system entered what has been called a
""golden age'' of expansion. By contrast, in the late 1960's and 1970's, the
relative gains of the preceding decade were eroded a$ the market underwent

a major turnaround.

ljfThe data are obtained from American Council on Education, A Fact Book

on_Higher Education (2nd issue, 1976) tables 76.102, 76.108, 76.117, 76.114.

12y
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FIGURE 5.4

RELATIVE SALARY AND EMPLOYMENT OF FACULTY
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The relative employment figures show an upward trend in academic
employment, with varying rates over time. There were large increases in
the number of faculty per worker in the mid-1950’s and in the 1960's,
following World War |1, and at the outset of the Depression when the number
of faculty held steady while total employment dropped sharply. During
World War 1! and the Korean War period, the ratio of faculty to tota) em-
ployment dropped. From 1970 to 1974 the ratio also dropped, presumably as
part of the turnaround, but then rose in 1976,

Additional data from the decennial! Census of Population and annual

Current Population Survey can be used to examine the growth of faculty

relative to other professions requiring considerable education. The ratios
of faculty to other professional employment from the Census (Table S.6)
show 3 pattern similar to that in Figure 5.2, with, however, 3 more modest
trend in post-World War |1 years due to the professioratization of the work

force and a more marked slowdown in the 1970's,

Sixties Boom and Seventies Bust

The pattern of change in the 1960's and 1970°'s, when the market went

from boom to bust, deserves more detailed analysis.

During the boom period, the higher education system enjoyed the benefit
of an unprecedented increase in the number of college age {(18-24 year old}
persons of 8 million from 1960 to 1970 (U.S. Bureau of the Census, 1972)
which together with a high rate of return to college produced an extra-
ordinary growth of enroliments of 4.8 million students or 126 percent over
the decade (U.S. Office of Education, 1977, p. 177}). Coincident with this
expansion, the receipts of higher educational institutions increased
rapidly, tripling from 1960-1961 to 1968-1969 (0'Neil, 197i; Office
of Education, 1972}, Total federal aid to academia, including diverse
direct student support, facilities, and equipment purchases rose rapidly.
The price of education to students, in the form of tuition per full-time
equivalent enrollment unadjusted for student aid, declined modestly
relative to that of the 1950's, while public tuition and fees increased
more siowly than private charges, raising the ratio of private to public
tuition from 4.0 in 1960 to 4.7 in 1970.




TABLE 5.6

RELATIVE NUMBER OF FACULTY

1900 1910 1920 1930 1940 1950 1960 1970 1976
Coliege faculty/
all professional 0.006 0.009 0.014 0.019 0.020 0.025 0.024 0.043 0.042
College faculty/
engineers 0.184 0.208 0.246 0.286 0.259 0.234 0.205 0.395 0.451
College faculty/
fawyers 0.065 0.139 0.268 0.385 0.423 0.690 0.840 1.784 1.300
Coliege faculty/
teachers 0.016 0.027 0.044 0.059 0.071 0.111 0.106 0.178 0.173

Sources: U.S. Bureau of the Census, Historical Statisties of the U.S. (1977: 1, ser. D-233-682, 140~41) and Census of Population
(1970: Occupational Characteristics P(2)-TA, 1-2, table 1); U.8. Department of Labor (1975: 186, table A-53).
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On the supply side, the major development was the enormous inflow of

new Ph.D. and master's degree graduates, which substantialiy augmented the
population of potential faculty (National Research Council, Annual;
U.S. Office of Education, 1972), Between 1960 and 1970, the number of
Ph.D. degree recipients fripled; the ratio of new Ph.D.'s to enrolled
students rose 36 percent; and the total stock of Ph.D.'s increased by
80 percent.

Toward the end of the 1960's and in the 1970's, the forces underlying
the higher educational boom began to level off or decline. The demographic
growth in the number of persons of college age came to an end: in 1970,
there were 24.7 million 18-24 year olds; in 1975, 27.6 million (U.S. Office
of Education, 1977, p. 146). With the rate of return to coliege dropping
(Freeman, 1976, 19773) the proportion enr~lled also fell, with a consequent
stabilization or reduced rate of increase in college enrollments, depending
on the data and group covered. According to the 0ffice of Education (1977),
total enrollments increased from 1970 to 1976 at an annual rate of 5.3
percent compared to an 8.5 percent rate from 1960 to 1970; first year
degree credit enrollment grew by 1.5 percent per year from 1970 to 1975
compared to 6.8 percent per year in the previous decade; the rate of in-
crease in graduate enrollments decelerated from the 12.6 percent per year
of the 1960's to 4.1 percent in the 1970-75 period. According to the
U.S. Bureau of Census (1977, p. 5), total college enrollments grew by
5.0 percent per annum from 1970 to 1976, while freshman enrollments grew
by only 2.9 percent per annum compared to rates nearlY twice as high in
the previous decade. In several sciencific fields, such as physics, first
vear graduate enrollments fell sharply despite the increased number of
bachelor's graduates from which to draw Students (Freeman, 1975b}. Federal
support for graduate education and research declined in importance and
total income of colleges and universities grew relatively slowly, with the
ratio of spending of higher education to GNP barely changing from 1970 to
1976 after having nearly doubled in the previous decade.lﬁ! The supply of

lﬁ!The ratio of expenditures to GNP in 1960 was .013; in 1970, .025; in

1976, .029. Datas on GNP from U.S. Department of Labor, Employment and Training
Report of the President 1977, table G-3, p. 283. Data on expenditures from

U.S5. 0ffice of Eduzation, The Condition of Education 1977. volume three, part
one, table 3.08, p. 181,
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job candidates grew rapidly, as the Jarge classes of graduate students
drawn into the market in the 1960's graduated and sought work. With demand
leveling of f and supply growing, the job market for faculty experienced

a sharp slump, which showed up in salaries and employment.

The pattern of change in salaries in the period is examined in
Table 5.7, which compares the rate of change in real (1976 dollars) salaries
from 1969-70 to 1975-76 to the changes from 1960-61 to 1969~70. The table
tells a clear story about salary adjustments to the changed market. From
1960-61 to 1969-70, academic salaries increased in real terms at a more
rapid pace than other salaries, so that the ratio of academic compensation
to average annual earnings in industry rose from 2.28 to 2.50. From 1969
to 1976 by contrast, academic salaries fell in real terms and relative
to other wages and salaries: the ratio of academic compensation to average
annual earnings in industry was 2,20 in 1976, below the level at the outset
of the 1960's boom.

With respect to employment, the rate of growth of faculty dropped, as
can be seen in Figure 5.2 and Table 5.6. From fall 1970 to fall 1976, U.S.
Office of Education data (1977, table 2.04, p. 178) show an increase in
the number of faculty of 3.1 percent per annum compared to an increase of
7.6 percent per annum from 1960 to 1976, while Bureau of the Census data
show @ drop in the rate from 10.7 percent per annum in the 1960's to 1.3
percent from 1970 to 19?6.l§f

depressant effect on the employment prospects of young academics and

The siow growth of faculty had a marked

greatly altered the age structure of the faculty. Among new Ph.D.'s there
was a8 sharp decline in the proportion obtaining academic jobs readily. In
1970, approximately 59 percent of new doctorates had definite prospects

in academia upon receipt of their degree; in 1975, just 47 percent were in
such a position.léf As noted earlier, the type of job held by those getting

jobs in academia also underwent institutions! deterioration in this period,

iéfThe Census data are from U.S. Bureau of the Census, Current Population

Reports, Series P-20.

léfTabulated from National Academy of Sciences, National Research

Council, Annual Survey of new Ph.D.'s,
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TABLE 5.7

ACADEMIC SALARIES [N PERIODS OF MARKET BOOM AND BUST

Academic and Other Salaries 19601976 Compound Annuai Change
fen 1976 doltars) m Salaries
1960-1961 1969-1970 1975—1976 19601969 1969~1975

Professors

{1)total 20,964 28.089 26,576 3.3 -1.0

compensation

{2) salaries 19,554 25,327 23,233 29 -1.4

university 22,518 27.114 24,590 1.0 -1.6

public - 26.455 24,150 - =-1.5
private - 29,598 26,540 - -1.8
junior 17,272 23,031 22,136 3.2 -1.6
colleges

(3) salaries NEA 19,388 24,448 22,218 2.6 -1.6

Assistont Professors

(4) total 13,367 172,17 16,487 3.2 -1.2

compensation

{5) salanes 12,620 16,057 14,336 2.7 -1.9

university 13,567 16,273 14,670 20 -1.7

public - 16,310 14,690 - -1.7
pnvate - 16,289 14,740 - -1.7
junior 13.533 16.229 15,080 2.0 -1.2
colleges

{6} salaries NEA 13,043 15,595 14,069 2.0 -1.7

Other Workers®

(7) annual 9,123 11,243 12,073° 2.1 1.1

compensation,

industry
{8) manufacturing, 4.39 5.20 519 1.9 =0.1

average hourly wage

*Data for other workers relate to the initial Year of arademic year,
bExtrapolated 1974 by rate of change in manufacturing hourly wage from 1974 to 1976.

Sources: Lines 1,2, 4, 5: American Association of University Professors (1960-1978).
Lines 3, 6: National Education Association (Biennial).
Lines 7, 8: U.S. Department of Commerce (1977).and U.S. Department of Labor (1977},
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with an increasing number obtaining work in lower quality instituticns.

The drop in new hires shows up dramatically in the data on the age and rank
structure of science faculty in Table 5.8. 1n 1968, 42 percent of the
science faculty had received their Ph.D. within seven years, in 1974, just
29 percent. 1In 1970, 64 percent of the faculty were full or associate
professors, in 3975, 71 percent. After decreasing for about a decade, the
median age of faculty rose sharply in the 1970's. Lack of job opportuni-
ties for new Ph.D.'s became one of the major problems facing higher
education. In terms of the theoretic considerations of Part 1, the problem
reflects both ihe gapital stock/acceleration aspect of demand and the

tenure system.

Not surpr.singly. in view of the evidence of the career responses of
young persons, the market decline appears to have affected graduate en-
rollments substantially. In the areas most severely affected by the
turnaround, notably physics, enrollments fell at astounding rates.

Between 1965 and 1972, first year graduate enrollments in physics declined
by 33 percent; in other physical sciences, the decline in enrollments was
more moderate but nonetheless striking in view of past trends and the
growing number of baccalaureates.lzf Many major universities embarked on
policies to reduce graduate classes or, at the least, to warn entering

students of potential market problems {see Figure 5.5).

All told, the salary. employment, and supply adjustments of the late
1960's and early 1970's produced a market for faculty that differed
drasticaily from that of the preceding golden age.

B. An Econometric Model

The response of the faculty market to the 1960's boom, the turnarcund,
and earlier economic conditions can fruitfully be analyzed with a small
econometric mode! of employment and salary determination. Unlike most
education-sector models (Cartter, 1971; Porter, 1965), which assume fixed
faculty student ratios, the model allows for demand adjustments to changes
in academic salaries and the interrelation between employment and salary

determination. Its principal outputs are estimates of long-term elasticities

of demand and of the responses of employment to exogenous market developments.

lszee Freeman (1975b) for a detailed analysis of the response of

physics to the market turnaround.
12:
.‘-ﬁ
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TABLE 5.8

CHANGES IN THE EXPERIENCE ANO RANK OISTRIBUTION OF
OOCTORATE SCIENCE FACULTY, 1968-1975

Percentage of Doctorate Percentage of Doclorate
Faculty With Seven or Less Faculty at Professor or
Years Since Doctorate Associate Professor Leve!
Change Change
1968 1974 1968~1974 1970 1975 1970~1975
All 42.1 29.4 -12.7 64.4 7.4 7.0
Physics 31.6 18,5 -21.1 60.3 77.1 16.8
Chemistry 349 21.4 -13.5 61.5 74.7 13.2
Mathematics 51.9 36.8 —151 57.4 67.4 10.0
Economics 42.7 37.4 =53 72.1 73.8 1.7
Psychology 43.8 38.7 —56 62.2 68.5 6.3

Sources: U.S. National Science Foundation {1968: 10, table 2; 1974: 20, table
B-1;1970; 189-190, table A44;1975: 110, tables B, B-25}.
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FIGURE 5.5

A A |

STANFORD UNIVERSITY
"STANFORD, CALIFORNIA 94103

DEPARTMENT OF ENGLISH

March 11, 19717

I am delighted to inform you that the Graduate Admissions Commitcee
has approved your application for admission to the Department of English
gext fall.

I enclose a description of our felldwships. 1 hope you will find it
fnformative. However, {t is basically an explanation of departmental
policy and does not represent & commitmen:t on the part of the university
per se. BBuch commitments are made by the Dean of the Graduate Division,
vho will contact you by mail on or about March 15 in order to present the
univarsity's formal offer.

Before entering this, or any other, Ph.D. program in English, you ghould
understand that the prospects for permanent employment after you have earned
ﬁE!T?ETET-:ﬁz_Egégrale poor. As a Department, we work extremely hard ac
placing our graduates, and they may expect to compete favorably for whatever

jobs are availasble; but we do not snticipate ghat there will be many openings
in the forseepble future, Aanyote who choo pu

teaching these days is taking a large risk. Please keep this fact in mind’
as you welgh your own alternatives.

We think highly of our departmental program, and the fact that we have
singled you out of several hundred candidates obviously means that we think
highly of you.

You have, as you know, until April 15 to accept the offer. Because we
also have a duty to the highly qualified applicants on our waiting lisc, it
would be helpful to us if we could hear from you sooner, however.

Again, congratulations. We look forward to seeing you in September.

Sinc:rely yours,

).
i)Xﬁﬁfzftabd
David R. Riggs

Director of Graduate Admissions

DRR/da

Enclosure 1 21‘)
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The key equation in the model is the long-run demand for faculty,
which will be written in log form as dependent on enrollments and wages:
FAC” = -nSAL + ENR + ¥, (5.6)
where the capital letters refer to the natural logs of the variables and
where FACD = number of faculty demanded, SAL = salary, ENR = enrollment,
and - random disturbance. The unit coefficient on ENR implies that the

faculty-student ratio is fixed except when salaries change.

Actual changes in faculty (FAC) employment can be assumed to move

toward the long-run according to the standard partial adjustment model

AFAc = A(Fac? - FAC_,) (5.7)
which, substituting for FACD. yields
FAC = -AnSAL + XENR + {1-3) FAC_, +u, (5.8)

as the relevant estimating equation. In {5.8), the long-term elasticities

are obtained by using the coefficient on FAC_, to obtain » and dividing

into the other coefficients.

On the supply side, the supply of faculty FACS will be taken to depend
on the number of persons '"available' to teach and on salaries in academia and

in alternatives (ASAL)
ics = gSAL - aASAL + bSTK + “2 = £ SAL - aASAL + b]FAC_
+ bzPHD +u,

where STK = estimated number of potential faculty

| (5.9

PHD = number of new Ph.D. graduates in the period

u2 = random error
The estimated potential supply (STK) will be calculated as the sum of the
number of faculty in the previous period less an estimate of ''depreciation"
plus the number of Ph.D.'s interested in teaching. Changes in the outflow
of experienced faculty or in the willingness of new Ph.D.'s to teach due

to changing market conditions are captured in the responses to SAL and ASAL.

If salaries are assumed to clear the market in each period, {5.9)
can be combined with (5.6) or (5.8) to yield "reduced form' equations for

salaries and employment. Setting FACD in {5.6) equal to FACS in (5.9)

13y
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yields:
FAC = (c/c4n)ENR + (n/e+n} (-aASAL + bSTK) + U (5.10)
SAL = (1/e+n) (ENR + aASAL - bSTK) + 4 (5.11)
with (5.8} as the demand equation, an additional FAC_, term enters both

2

equations.

If, as seems reasonable, salaries do not adjust sufficiently rapidly
to clear the market in each period, it is necessary to add a salary ad-
justment equation to the system. One posslble adjustment equation
postulates that salaries move along a partial adjustment path, toward the
market clearing level:

BSAL = Y(SAL¥-SAL_,) (5.12)
where SAL* is the long-term equilibrium as determined by SAL in (5.11).
Substituting (5.11) into (5.12) yields the estimating equation:

SAL = (b/e+n) (ENR + aASAL-bSTK) + (1-W)(SAL_)) +u,  (5.13)

An alternative potential salary adjustment model is to make changes
depend on the deviation between actual and desired levels of employment:
DSAL - ¢||:FACD_| - Fac] + o, [rac - FACS_J (5.14)
where FAC a- FAC represents the difference between emp;oyment demanded
at the initial wage and current employment and FAC - FAC - is the difference
between employment and the long-term level of supply at the existing wage,
Since salaries will rise when demand exceeds current levels of employ-

ment and when employment exceeds long-term supply, ¢| and ¢2>-0.

Substituting and simplifying, we obtain the following estimating

equation

SAL = ¢ ENR + a ¢,ASAL + (9,-¢,)FAC + (1-¢,n-¢,c) SAL_, *ug (5.15)
Since ¢| is the coefficient that weights the der nd influence on salaries
and ¢2 the coefficient that weights supply influences, if (as seems likely),
demand factors are more important in salary determination, ®; < ¢y, and the
coefficient on FAC will be negative. |1f supply factors are more important,
the converse will be true. Because economists lack an adequate theory of
salary or price adjustments (Arrow, 1959) there are other possible ways in
which to model the salary adjustment process and in which to interpret the

resultant coefficients, Since, in general, the various models have similar

13
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basic structures, with lagged salary terms picking up the effect of the past,

| will not develop alternatives in this paper but instead focus on estimates

of (5.13) and (5.15).

Given partial adjustment equations (5.8) and (5.13) or (5.15) the
reduced form of the model can be written in the following matrix form

FAC FAC_
SAL ~ A(X) + B SAL | (5.16)

where A and B are matrices of reduced foim coefficients and X is a column
vector of exogenous variables (ENR, ASAL, and PHD) . This equation high-
lights the interrelated adjustment of employment and salaries in the
market, with lagged values of each affecting the other. To obtain the
long-term impact of the X's on FAC or SAL, it is necessary to solve the
matrix equation
EAL = (1-8) ™" Atx) (5.17)

Because the supply of Ph.D. graduates is taken as exogenous in the
model, it does not provide a "full" long-term equilibrium but rather
yields employment and salary relations conditional on number of Ph.D.'s.
The economic factors that influence the supply of Ph.D.'s have been
examined in detail elsewhere (Freeman, 1971, 1975h, 1977b; Center for

Policy Alternatives, 1977) and are not pursued here.

Table 5.9 presents estimates of the demand for faculty equation (5.8)
and variants thereof for the period 1920-1976 using the data described in
detail in the source note. The calculations in lines 1-4 relate log
faculty to the salaries of assistant professors on the hypothesis that
demand s more responsive to the pa§'of younger nontenured than of older
faculty, while line 5 uses the salary of full professors as the relevant
cost variable. Both variables are deflated by the Consumer Price Index
(CPI1) tu remove the effect of inflation.igf Because of sharp abnormal
jumps in the period surrounding Worltd War 11, the years 1944-1948 are
deleted from regressions 1-3 and 5. To make sure that this deletion is
not critical to results, line 4 covers the entire period. The calcu-
lations are limited to even-numbered numbers (ending academic year) due

to data availability.

lng more appropriate but unavailable deflator would be the price
of output of institutions, including subs:idy prices.

12
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TABLE 5.9

ESTIMATES OF DEMAND FOR FACULTY, 1920-1976

Regression

and Technique Constant SAL SAL (-1 ENR ENR(=1)  FAC(-l) R? DW.
1. OLS 6.4 ~0.13 -0.15 0.74 0.31 0.998 0.76
(0.12) {0.10) {0.10) (0.11)
2. OLS 3.3 -0.18 0.52 0.53 0.999 1.30
(0.06) (0.08) (0.08)
3V 6.3 -0.20 0.58 0.47 0.998 1.37
(0.12) (0.10) (0.10)
4. OLS® 3.2 -0.20 0.50 0.58 0.998 1.81
(0.06) (0.08} (0.06)
5. OLS® 3.2 -0.16° 0.48 0.56 0.999 1.21
(0.07) (0.08) (0.09)

*Dependent variable is log Faculty (FAC); independent variables also in log {orm; numbers in parentheses are standard errors;
D.W. = Durbin Watson statistic; OLS = ordinary Jesst squares; 1V = inatrumental variables: lagged variables and log Ph.D. s
instruments; period covered exciudes 1944-1948, except in line 4. Salary variable is salary of amistant professors deflated by
C.P.1. except in line 5; observations covered are even-numbered years.

BCovers entire period including 1942-1948,

“Salary variable is salary of full professors deflated by C.P.1., period 3942-1948 excluded.

Soutces: FAC = total instructional atafls (rom U.S. Bureau of the Census (Various: Series H317, 210); U.8, Office of Education
{1974-1977: 178, table 3.04 in volume 3); ENR = total degree credit enroliment, (rom same sources (Series H32}, 210, table
3.03). SAL = salary of amistant {full} professors.
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The main finding in Table 5.9 is that demand for faculty responds to
changes in academic salaries with a small put reasonably well-specified
elasticity and with some lag. In equation 1, which links faculty employ-
ment to the real salary of assistant professors and total enrollments in
the current and precedent (two years previous) period, the elasticity with
respect to the sum of the two salary variables is -.28, while the coef-

ficients on enroliment run to the expected unity (1.05). Addition of

of lagged employment of faculty essentially eliminates the effect of
current salaries and lagged enrollments, leading to equation 2, which
relates employment to salaries two years earlier, enrollment, and lagged
faculty. In this equation, the long-run elasticity of demand is . .
-.38 (= -.18/(1-.53)).12f somewhat larger than in the first regressions.

in line 3, the lagged salary variable {s replaced by current salaries,
instrumented for simultaneity on lagged salaries, number of Ph.0. graduates
{in log form} and the other variables in the eguation, with similar results.
Here the short-run elasticity is -.20 and the long-run elasticity is -.38.
Addition of the deleted years 1944-48 in Vine 4 gives the same short-run
elasticity and a somewhat higher long-run elasticity (-.44), indicating
that despite the obvious differential developments in those years, the
results do not hinge on a particular subset of observations. When the
salary of assistant professors is replaced by the salary of full professors
in line 5, the results are also comparable, in part because the salaries

of the two groups move together. Enroliments obtain a coefficient of

about unity in-all of the calculations, supporting the notion of a fixed
faculty-student ratio, cost incentives held fixed. |In short, the evidence
Indicates a long-term elasticity of demand with respect to salaries of

-.28 to -.44 and of unity with respect to enrollments, and suggests an ad-
justment process in which demand responds to past saiaries and current

enrol Iments with a partial adjustment parameter of about one-half.

A similar set of findings is given in the salary regressions of Table 5.10
which record estimates of equations {5.13) and {5.15) with STK calculated

lnghe long-term equilibria are obtained from the partial adjustment

mode | &
A o=y - x(-1)) #
where &X is the change in the variable, X is the desired equillbrium level,

Q Xx{-1) is the previous level, and X is the partial adjustment parameter.
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TABLE 5,10

ESTIMATES OF ALTERNATIVE SALARY DETERMINATION
EQUATIONS FOR ACADEMIC FACULTY, 1920-1976

Constent ENR ALT® STK® FaC SaL¢1; R Dw.
1. 3.09 0.20 068 —0.36 036 0972 114
(013) (0.11) (0.13) (0.09)

2 629 0.58 0.72 -0.69 022 0975 1.2
(0.20) (0.11) (0.21)  (0.09)

3 35° 014 066 -0.26 0.25 0.979 1.09
{0.11) (0.10) (0.12) {0.09)

4. 5.0° 035 071 -048 016 0981 1.22
017) (0.10) (0.18)  (0.08)

"Dependent variable is log salary (SAL) of facuily, with salaries of assistant pro-
fessors used in lines 1 and 2 and salaries of full professors in lines 8 and 4, both
deflated by C.P.1. Independent variables in log form. Period covered excludes
1944-1948. Numbers in parentheses are standard errors; D.W, » Durbin-Watson
statistic. All estimates by ordinery least squares,

YALT » ulary of school teschers from U.8. Buresu of Census (Vatious: Series
D728) and from V.8, Office of Education (1972) with 1976 estimated using
percent change in average hourly earnings for production workens,

€STK estimated as log of (0.97 x absolute number of facuilty in previous period
4 0.70 x number or Ph.D.s graduated in current and precedent year}. This as-
sumes a 3 percent outllow and that 70 percent of new Ph.D.s would on average
dasire Lo teach.

9 Assistant professors salary,
*Full professors salary.
Sources: 1.5, Nations! Science Foundation (1968:10, table 2; 1974: 20, table

B-1: 1970: 189-190, table A44; 1975: 110, tables B, B-25) with Ph.Ds ob-
tained from U.5. National Academy of Sciences (Annual).
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as described in the table note and with FAC entered separately. Alternative
salaries (ALT) are measured by the salary of high school teachers. While
teaching in secondary schools is a significant option for many faculty,
especiclly at the junior and community college levels, the variable was
chosen primarily because it is the only professional income series covering
the entire 1920-1976 period.gg{ Lines 1 and 2 of the table relate the
salaries of assistant professars to the estimated stock of faculty, en-
roliment and alternative salaries while lines 3 and 4 deal with the salaries
of full professors. In all of the calculations, the explanaiory variables
obtain correctly signed and generally significant coefficients of reasonable
magnitude. According to line |, for example, an 11 percent increase in
enrol iment raises salaries by .2 percent in the short-run and by .3 percent
in the long-run; increases in alternative earnings have larger positive
effects; while the stock” of available academics reduces salaries with

an elasticity of =.36 in the short-run and -.56 in the long-run. The

effect of current faculty size jn line 2 is even larger, -.69, providing
strong evidence of what may oe called a demand tradeoff between employment
and earnings. Not surprisingly, perhaps, the effect of the available

supply or current employment on the salaries of full professors in lines 3
and 4 is estimated to be much smaller, with long-run effects of =.35 {line 3)
and -.57 (line 4).

tn all of the lagged-adjustment regressions of Table 5.10, the estimated
adjustment parameter {one minus the coefficient in SAL{~1)) is larger
than in the corresponding employment regression of Table 5.9. This implies
a more rapid response of salaries than of employment to market conditions,
which may reflect the importance of tenure on employment adjustments and
the key role of quality adjustment in academia.

The way in which faculty employment and salaries are affected by shifts
in demand and supply scheduies is examined in Table 5.1) by least squares
estimation of the reduced form of the model of (5.15). Shifts in demand are

EQfNational Education Association (1965) data reveal that in academic
year 1963-64 and 196465, 17 percent of all new academic hires and one-third
of those in two-year institutions come from secondary’%;hgcl teaching.
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TABLE 5.13

REDUCED FORM ESTIMATES OF THE DETERMINANTS OF
SALARY AND EMPLOYMENT OF FACULTY, 1920-1976

Coefficients on
Independent
Varioble SAL FAC

1 ENR 0.12 {0.15) 0.54 {0.09)
2 ALT 0.74 {0.13) 0.05 (0.08)
3. Ph.D. —-0.12{0.11) 0.06 (0.07)
4. FAC (-1) =017 (0.24) 0.39{0.14)
5 SAL (~1) 0.40 (0.10)  ~0.21 (0.06)
6. Summmary statistics

R? 0.974 0.999

SEE 0.051 0.030

D.W. 1.06 1.43
7. Long-run elasticities®

ALT 1.31 -0.29

Ph.D. -0.26 0.17

ENR -0.12 0.94

*Dependent variables are deflated salary of assistant professors and total number
of faculty. Independent variables are in 1n form. Numbers in parentheses are
standard errors; D.W. = Durbin.Watson statistic; years covered exclude 1942-1948,

bCalculated by solving equation | SALY - -ayiBx

where A is the matrix of coefficlents on SAL (—1) and FAC (-1).

Sources: U.S. National Science Foundation (1968: 10, table 2; 1974 20, table
B-1; 1970: 189-190, table A44; 1975: 110, tables B, B-25); 1.5, Bureau of the
Census ( Various) and U0.8. Office of Education (1974-1977).
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measured by enrollments and alternative salaries ty the pay of high school
teachers 85 in previous computations. Because FAC_I enters into the
reduced form separately, the STK variable {which consists primarily of

FAC{-1)) is replaced by log Ph.D.'s.

The regression results provide general support for the applicability
of the mode! to the faculty market and suggest considerable responsiveness
of employment and salaries to exogenous developments. Consistent with
preceding estimates, alternative earning opportunities a ! enrollment raise
salaries of academics while the number of Ph.D.'s reduces salaries, as
does the lagged number of faculty. The only anomalous coefficient is
the effect of alternatives on faculty employment, which is positive rather
than negative, as might be expected. Because of the interaction between
salaries and employment in both equations, however, this does not
necessarily translate into anomalous long-run effects, for the long-run
impact of the exogenous factors depends on the interrelation between employ-

ment and salaries, as specified by equation (5.17).

Line 7 presents the results of solving the system to obtain the desired
long-term impact coefficients: in the full solution, alternative earnings
raise salaries and lower employment, as they should, while the number of
Ph.D.'s has the opposite effect. Here, however, another anomaly arises:
while enrollments have a large positive effect on faculty employment, they
are estimated to reduce rather than raise salaries, though by a relatively

small amount.

While the computations in Tables 35.9-5.11 provide general support for
the notion that the academic market place responds in economically sensible
ways to exogenous shocks, they suffer, it should be stressed, from several
weaknesses. First and most importantly, many of the features of the market
place discussed in Part | have been deleted fyom consideration in order to
make use of limited available quantitative data. Second, econometric issues
{serial correlation of residuals, simultaneity, possible correlation of
residuals across equations, lines of causality) have not been seriously
examined, in part because previous work (Freeman, 1975a) has found the

basic results impervious to these issues. Third, alternative models,--for

135




=130~

instance, a detailed autoregressive moving average procedure--have not been
estimated as a means of testing the robustness of the findings. The basic
data are too weak to merit such analysis. What they show is an inverse
relation between academic employment and salaries and a link between those
variables and the supply side of the system, which is at least roughly

consistent with the notion of a flexible labor market.
11!. Conclusions

This study has examined the operation of the faculty job market from
the perspectives of the theory of derived demand, the institutional charac-
teristics of academia, and a simple econometric modet of demand and salary
adjustment. The paper has emphasized that demand for faculty is responsive
to changes in the cost of employment, albeit with peculiarities due to
nonprofit motivation and the distinct features of higher education. It
has argued that the nonprofit nature of colleges and universities increases
responsiveness in the short-run while entry and exit conditions of insti-
tutions are likely to produce fong=-run demand btehavior similar to that in
profit markets. According to the analysis, concern for quality in academia
may produce complex interactions between the number and quality of workers,
which are likely to lead to greater quality than quantity adjustments,
rationing of places in high-level institutions, and a concentration of the
most qualified in a8 limited number of universities. The ''equitable' wage
goal of universities, to reward comparable facuity similarly regardless of
nonacademic opportunities, substantially narrows the interfield wage
structure, producing less dispersion than in other sectors of the economy.
Equitable wage policies exact a cost in terms of flexibiltity of response
to market changes and are likely to be loosened in times of financial
difficulties.

Tenure also reduces the responsiveness of the higher education system,
particularly in periods of market decline when expansion of faculty cannot
be used to reallocate resources across disciplines. !ssues of academic
freedom aside, tenure is critical in a system where senior employees control
appointments. internal production of faculty and the lag structure in pro-

ducing Ph.D.'s create an accelerator~type adjustment process with long

13y
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dampened cyclic fluctuations. AS increasing proportions of cohorts enroll
in college, the system becomes especially sensitive to the number of

persons of college age.

The empirical analysis in Part 11 has shown that the faculty market
has indeed undergone considerable fluctuations, indicative of a highly
respons ive labor market. The most important change in the market was the
termination of the ‘'golden age' of the 1960's toward the end of that
decade. With research and ralated expenditures po longer increasing, en-
rol iments teveling off, and the number of Ph.D.'s seeking work increasing
as a result of previous market conditions, the academic marketplace under-
went a significant turnaround. Real salaries dropped from 1969 to 1976,
emp loyment conditions worsened, and new Ph.D.'s were forced to take less
prestigious jobs. The age structure of the faculty changed dramatically,
with the proportion less than 30 years old declining significantly ip the
period. The econometric estimates lend support to the basic argument of
a responsive market, though one subject to lagged adjustments. The
elasticity of demand for faculty was estimated to be -.3 to -.%5 while
salaries were found to be substantively influenced by supply and demand

forces.
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CHAPTER V1

PROSPECTS FOR YOUNG FACULTY IN PHYSICS
AND OTHER SCIENCE AND ENGINEERING FIELDS TO 1990

Lee Grodzins
Massachusetts Institute of Technoloyy

There is well-founded concern for the continued vitality of science and
engineering faculties. Many studies are showing that faculties are aging,
becoming more tenured, with fewer and fewer opportunities for hiring new
blood. Atelsek and Gomberg (1979), in particular, showed that in the past
four years, the faculties in the nineteen fields surveyed grew but one per-
cent per year while the percentage of young facuity declined by several per-

cent per year.

This paper reports on two studies directed at estimating the future
magnitude of these developments and the appropriate size of programs to
counteract them. The first study, described in Part | below, reports pro-
Jections of demand for physics and astronomy faculty based on a four-tiered
mode) {Professor, Associate Professor, Assistant Professor and Instructor).
The parameters of this model are derived from census data on Ph.D. physicists
for the years 1959-1979 which appear in the Directories of Physics and Astron-
omy Faculties in North American Colleges and Universities published annually
by the American !nstitute of Physics (AIP), In part Il of the PaPer, we use a
simplified two-tier version of this model (senior and junior faculty) based on
less complete data to extend these results to science and engineering facul-
ties as a whole and to some specific scientific fields. The simplified two-
tiered model is also used to estimate the size of an '‘add-on scholars'' pro-
gram needed to reverse the projected declines in hiring of young faculty.
we conclude in Part |F1 that modest programs, which phase out toward the end
of the decade when retirement rates become substantial, can result in a more
desirable, more stable situation in which the percentage of young scholars is
not less than 20 percent and there is an adequate infusion per year of these

young scholars into tenure track positions,
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I. Projected Demand for Physics and Astronomy Faculty, 1978-1990

In eariier studies (Grodzins, 1979a, 1979b), we have shown that the
declining supply of doctoral physicists for the physics labor market is
reaching an asymptotic level of about 800 per year*and that dramatic
changes in composition in physics departments over the last two decades
were not accompanied by major changes in promotion policies, in years
spent at a given rank,or in relative hiring into different ranks. The
data implied that the changing composlition could be understood In terms
of a single mode] with but one variable, the total size of the faculty.
Here, we will test these observations and show that the compositional
changes can indeed be understood on the basis of changes in the total
faculty size in physics. The iodel calculations wlil then be extrapol-
ated to 1990; variations in the parameters show the effect of changing
the number of years spent at a given rank, promotion percentages, the
overall growth rates, etc. At the end of Part |, we wili combine
these forecasts with our earlier supply projections to predict the odds
that numbers of a given Ph.0. class who enter the physics labor force
will be absorbed into a doctoral-granting physics department in succeed~

ing years.
The Modei

The mode! we will use ic shown diagramatically in Figure 6.1, The
rank of Professor, Associate, Assistant, Instructor-Lecturer, Is desig~
nated by the superscript 1,2,3. and 4 respectively. The number of pro~

fessors at a time (t) is therefore NI(T)_ (T} is the total number of
¥

NTot
facul ty.

The fraction of a glven rank {j) that leaves that rank each year
will be called Fi. The inverses of these fractions are the average times
that the average faculty member spends in the respective ranks. This
parameter does not distinguish between those promoted in the department,
those pulled from the department tc take positions elsewhere, or those who

are forced tc leave because their contracts were not renewed.

0f those who leave a given rank, a certain fraction are promoted in

the same department. We will call that fraction Fi; promotion to rank j.

o *The value of 800 assumes that the foreign graduate students on
[ERJ!:‘ temporary visas do not enter the labor market.

Y
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The Fp fractions do not include those who transfer to another department
with promotion; neither do they include the few cases each year of faculty

who make double jumps and even triple jumps of promotion.

The fraction of the new hires that enter Into the various ranks will
be designated as Fé. These fractions include all those who enter from
outslde the department, whether they have or have not come from academia.

The input/output equations for this simple model are then gliven by
the following equations:
2 FI

N+ = 8 + W Fi Fp

1
+ NE[T+I)FE

2 I 3.0y ¢3 £2 . W2e2 2
NT(T+1) = N°(T) + N7(T) FlFp = N FL+ NE(TH)FE

N3 (Te1) = 3(T) + NM(T) rt rg - N3FE + NE(T+I)Fg

N“(T+1} = N“(T) - N“r: + NE(T+I)F:
1 2, .3, b
et FE + FE + FE 1

N+ = 8! () + a2 (1 4w @ W ) e (m)
Total

F

The fraction C is the fractional change of the total faculty in
adjacent years.

The program is initialized by giving the faculty sizes Nj and values
for the eleven parameters F{, Fg, and Fé. With the parameters fixed, the
only variable fs C. The usefulness of the model is measured by its ability
to replicate, over a period of time, the distributions of faculty ranks
and the numbers per year who are promoted and leave., The calculations
vere carried out on a programable calculator whose power was insufficient
to make a systematic variation of parameters in order to optimize the fit.
It was quite easy, however, to find a8 consistent set which gave satisfac-

tory results in explaining historical data on faculty flows (see Grodzins,

1979b) .

The faculty distributions for the "'best' sets of parameters are shown
in Figures 6.2 and 6.3 for the 100 oldest departments and for the ten pri-
vate school departments respectively. Comparing these distributions with the
actual ones (reported in Grodzins, 1979b) shows that the difference be-
tween the model calculations and the actual figures are generally less

than 10 percent.
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FIGURE 6.2

Mode! Colculation of Faculty Distribution in 100
PhD Gronting Departments in U.S,
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FIGURE 6.3

-

Mode! Calculation of Distribution of Faculty in
KO Physics Depts. in Private Universities
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Three similar sets of parameters, covering different pPeriods, were
needed to obtain the fit for the 100 alder departments; only two sets
were needed to obtain the fits for the private institutions. We consider
each in turn.

In the 100 older departments, the numbers in the Instructor-~Lecturer
rank began to decline around 1963-64. Around 1968, the drop became pre-
cipitous as hiring into this rank halved. Oniy one set of parameters is
needed to obtain an acceptable fit to the changes in the distribution of
faculty ranks from 1962. The set chosen is not optimum and a single set
is not unique; the effects of small changes in one parameter, such as
years in the Instructor rank, can be compensated by changes in another
parameter, such as the number hired in the Instructor rank. A decrease in
the average time spent at the Associate {or Professor) ranks results in
an increase in the size of the Assistant Professer.rank at the expense of
the Associate (or Professor) rank since hiring is mainly into the junior
faculty positions.

A decrease in promotion percentages from the Assistant to Associate
Professor ranks also increases the number of Assistant Professors at the
expense of the Associate ranks. The percentage of junior faculty increases
and so too does the number of new hires, but the latter group flows through
the system without *'sticking® - = that is, the actual number absorted into
tenure positions does not rise.

Increases in the Percentage hirec at the lower ranks also increases
the sizes of the junior faculties but decreases the proportion absorbed.

In Figure 6.4 we show how well the model calculations duplicate the
actual percentage of junior faculty for the 100 older schools and the ten
private institutions. The private schools consistently have higher per-
centages of young faculty since the average “sticking” fraction of new
hires 1s lower than for public universities; on the average these ten
schools promote oniy 3% percent of those leaving the rank of Assistant
Professor versus almost 55 percent for the public institutions. The
value of 35 percent promotion has a very broad spread: some schools
promote only one in six of their Assistant Professors while other schools,
equally prestigious, promote more than half. Examining the records of
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each of these ten schools over the period from 195¢ on indicates that each
school has maintalned its own tradition of hiring and promotion practices
with little change over 20 years. We expect that this observation is gen-
eral; there is undoubtedly great variation in promotion and hiring prac-

tices from department to department tut an individual department maintains

a8 consistent practice over a long period of time.

Ate Isek and Gomberg (197¢} have tabulated the F; factors expected by
physics departments for the 1978-79 acacemic year. The numbers from their
survey are llsted in Table 6.1 along with the actual parameters and the
model parameters for the 1977-78 to 1978-79 transitions. The differences

are not great; the sets of parameters are quite consistent with each other.

Before taking up the consequences of this model, we wish to emphasize,
if it is not abtundantly clear, how simplistic it is. There are no feed-
back toops. In this model the composition of the faculty is neither de-
termined by the availability of the supply of potential professors nor by
the need to carry out certain academic duties such as teaching or research,
except insofar as the patterns were historically established by each de-
partment in order to best carry out its varied functions. In light of the
consistency of the trends over the past 20 years, it seems reasonable tc
assume that the parameters which departments can control {promotions and
hiring percentages, as well as the average time Spent in the junior ranks)
will not be much affected by educational or marketplace forces. There are,
however, parameters which are so affected and which could have substantial

impact on the number of yourng faculty brought in each year.

Most important is the fraction of the Professors who leave each year.
Death plus retirement are expected only to deplete the Professors rank
by at most two percent per year. The actual rate of depletions of this
tenured rank has been one and one-half to two times higher. We do nct have
muck follow-up information of where these faculty, who neither retire nor
die, go, but we do know that some take administrative positions in academia
while others take administrative positions in research laboratories in gov-
ernment and in industry. Some leave to start their own businesses and
others leave the country, generally tc return to their country of origin.
Incentives fcr early retirement would tend to increase the numbers leav-
ing the tenured ranks, counteracting the increase in the Statutory retire-

ment age whick has taken place in the past year.




TABLE 6.1

A COMPARISON OF PARAMETERS AFFECTING FACULTY CHANGES FROM 1977/1978 TO 1978/79 ACADEMIC YEAR
(DOCTORAL GRANTING PHYSICS DEPARTMENTS)

Total
Hires

Percentage of Hires

Prof. Assoc. Asst.

Inst./
Lect.

Percentage of Those
Leaving Rank of
Asst.

Prof. Assoc.

Inst./
Lect.

Percentage of Those
Leaving Rank Who
Are Promoted to

Prof, Assoc, Asst.

(1) 196 Physics
and Astronomy
Departments 235

(2} 100 “Oldest"
Physics Departments 136

(3) HEPR Survey,
1978-79 (expected)
156 Departments 220

(4) MEPR Survey,

1978-79 (expected),
Private Schools,

51 Departments FA

(5} Model
Calculations
"Best' 1968-79
Parameters

(6) Model
Calculations

"Best" 1968-79
Parameters
(Private)

Source:

12.8% 18.7% 55.3%

12.5 17.0 55.9

13.4 10.7 59.7

wid
+
L¥" )

8.8 73.7

16.0 11.0 59.0

900 200 6500

13.2%

.7

6.1

12.3

lh’o

23.0

and Gomberg, 1979; (5) and (6), Model Calculations

2.5% 11.6% 26.4%

2.5 12.7 25.3

h.0 14.3 25.0

3.2 25.0 30.0

40.6%

38.1

35.0

40.0

77.1%  57.2% 12.1%

550“ 3200

80.2

80.0 53.0 25.0

60.0 k2.0 30.0

(1) and (2), AIP Directories of Physics and Astronomy Faculties in North America; (3) and (&), Atelsek

“hiyt-
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The distribution by ranks of new hires is obviously at the control of
the departments, but the percentage of new hires that are young is already
high and all departments will have needs for hiring some new faculty at
the senior levels. The overall growth rate of faculty is the single most
Important parameter affecting the department composition. Throughout the
1980's, the number of college-age students will decline, falling to about
12.5 militon students in the ages between 18 and 21 by the year 1595,
Wwhile this decline may have an important effect on aggregate enrollment,
there seems to be no compelling reason why it should affect the-number of
fzculty in most of the doctoral-granting schoals. Almost all of them are
sought-after universities that turn away well-qualified applicants.
Through the 198¢'s, these universities may have to broaden their criteria
for acceptance in order to maint3in their student body size, but the
changes in admissions criteria are not likely to be major and the dis-~
ciplines whkich the students will pursue are not likely to be less oriented
toward sciences in the 1980's than they have been in the past. Physics
teachers are needed primarily to teach the service load courses. We ex-
pect that that toad will be largely ir.dependent of the totz] student en-
rol lments. We, therefore, consider both positive and negative growth

rates in the following section.

Model Calculations of the Faculty Distributions in Physics Until 190

The simple model described above has been used to determine faculty
compositions, the percentage of junior faculty, and the hirirg at the junior
levels for various parameter sets extrapolated to 1290. iIn Figure 6.5, these
calculations are plotted for the 100 oldest departments as a function of
tota) faculty growth rates; 'best’ model parameters are used. In Figure 6.6,
for the 100 oldest physics departments. we show the dramatic effects on

junior faculty if average retirement age jumps to 70 years.

fFurther erosion in the total faculty size will continue the leverage
reducing the size of the junior faculty. Even 2 constant faculty size
will cause further deterioration in the hiring and percentage of junior
faculty unless about three percent or more of the Professors lsave each
year. In fact, if the actual employment parameters of the past year are
maintained, then & constant faculty size will result in faculty that will

be only ten percent junior in 1990, as shown in Table 6.2,
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PROJECTION OF PROMOTION, HIRING, AND FACULTY COMPOSITION
TO 1990.

Assumes 2.5% senioy faculty leave each year.

Note:
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TABLE 6.2

EFFECT OF TURNOVER IN RANKS
ON A FACULTY OF CONSTANT SIZE

-ghil-

Years as:
Professor 20 25 33 50 50 N ko 33 25
Associate 7 . i 8 6 b 13 10
Assistant 4 - 5 4 2 5 4
Inst./Lect. 2.5 . 3.3 3 1 3 3.3
1984-85
Junior/Total 16.8% 14.9% 13.1% 11.7% 12.4% 11.1% 9.2% 6.3% Th.1% 14.9% 14.8%
Faculty Ratio
Hires/Year as
Percent of Tota!l 6% 5.3% b 4% 3.5% 3.1 3.4% 3.7¢  h.0% 3.2% h.2% 5.1%
(53% promoted
to tenure)
1989-90 —_—
Junior/Total 17.3% 15.0% 12.6% 10.0% 11.4% 9.9% 7.8% 5.2% 13.8% 15.0% 1%.9%
faculty Ratio
Hires/Year as
Percent of Total 6.1% 5.3% L.3% 3.3% 3.02  3.2% 3.5% 3.€2 3.32 4.2% 5.1%
(533 promoted
to tenure)
Starting Input 1978-79 Percent New Hires by Rank Percent Promoted to Rank
Professors 1888 16%
Associates 717 11 53.5
Assistants 406 59 25
Inst./Lects. 52 14
TOTAL 3063
15% Junior/Total 139 New Hires in 1978-79 k,5% of Total
16u

CMIBLPE. Dor'le Amtm Fomm G610 Dirvarcinrcias afF Phuciee and Astronnmv Faculties n Narth America
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lrotability of Ottaining Tenure in a Ph.D.-Granting Physics
or Astronomy Uepartment

Comparlson of these demand projections with our earlier work on
supply projections {Grodzins, 1979a) permits simple predictions on the
probability that a member of a Ph.D. class will become tenured in a
regearch-oriented physics department some vears after graduation. Such
a calculation assumes much and ignores much, including any vartation of
parameters with time.

The number of tenure positions per year is obtained by the appro-
priate multiplication of the number hired at the junior ranks by the
respective probabilities of promotion. For the calculations resulting
in the number of Figure 6.7, the ''best' model calculation was used; the
faculty size was assumed constant after 1972. Ve further assumed that
the average junior faculty member entered academia three vears after ob-
taining the Ph.D. The probability of eventually being a tenured member
of the 100 oldest or of any doctoral-granting physics or astronomy de-
partment is then obtained by dividing the number of tenure~track openings,
determined at the time of entrance to academia, by the number entering

the labor force three years prior to that entrance.

The number absorbted into the 1C0 older departments is shown in the
bottom of Figure 6.7; the probabillty of attalning tenure is shown at the
top. In the early 196C's, between 30 and 40 percent of all Ph.D.'s found
tenured positions in doctoral-granting physics departments. The probabil-
ities have dropped to below ten percent in the 1970's. They are expected
to grow slightly to the 12-15 percent range by the mid-1980's.

The simplistic model used for the calculations of Figure 6.7 finds
some Support from a cohort study done three years ago. Cohort groups were
followed from 19€2 through 1975 with the use of the American Institute of
Physics directories. A four-year time lag between the Ph.D. award and en-
tering academia was assumed. The results are shown in Table 6.3; the under-
lined values are estimates. We concluded, with far fewer assumptions than
used for Figure 6.7, that 34, 14, and 8 percent of the Ph.D. classes of 1964,
1967, and 1970, respectively, attained tenure in a doctoral-granting physics
or astronomy department. The agreement of the model with the ''data' is good

161
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Ph.D. Year

1959-60
1963-64
1966-67
1969-70
1974-75
1978-79

NOTE: 1.

2‘

TABLE 6.3

PERCENTAGE OF A PHYS1CS/ASTRONOMY Ph.D. CLASS
ATTAINING TENURE (ASSOCIATE PROFESSOR RANK)

Percentage

of Ph.n.'s
Entering Physics
tabor Market

Who Attain Tenure

Number Number

Number Entering Entering Faculty Percent
of Ph.D.’'s Job Market 4 vears Later That_Stick

574 520 (90%) 350 Jo%

792 713 (90%) 350 70%

1233 1085 (85%) 260 57%

1545 1236 (80%) 200 50%

1293 989 (77%) 200 40%
1100 850 (77%) 200 50%

A fixed interval of four years is assumed between Ph.D.
date and first entrance into faculty ranks.

Underlined values are estimates (see text).

473
343
14%
8%
83

12%

165
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for the 1964 and 1970 classes, but the model apparently missed the sharp
drop in the "sticking' probability by one year.

Finally, we emphasize that these projections are for all of physics
in doctoral-granting physics and astronomy departments. The projections
should not be applied to the non-doctoral departments, which, we believe,
will feel severely the effects of the declining 18-21-year-old population.
Nor should the projections be applied to the sub-fields of physics. For
example, it is likely that the probability that a nuclear physicist, who
obtains a Ph.D. in 1981, will attain tenure in a doctoral-granting depart-
ment may be close to 30 percent, while the analogous odds for an astro-

physicist may be less than ten percent.
11, Prolected Pemand for Sciente and
Engineering Faculty, 1974-199¢

The projections for physics just described are based on census data
available for physics faculties from 1952 through 1979. Such @ detailed

approach is impractical in fields other than physics since the data are
not available. For other fields we have secure information only for re-
cent years and then only fcr growth rates and for changes in faculty com=
position, in particular the changes in the percentages of the faculties
that received doctorates within seven years of the survey. A more simp-

lified two-tiered model is agpprapriate.

Figure 6.8 shows a schematic drawinc of such a model. The faculty is
divided into junior and senior (or recent and long-ago) memkers. The

fraction of the senior faculty that leave per year, is generally in

Fro
the range of two to four percent. The fraction who leave junior (recent)
ranks of a given institution each vear, Fi, is between 20 and 35 percent;
i.e., the length of time spent in the junior {recent) ranks is between

threc and five vears. Of those hired each year, a certain fraction, Fé,

are into the junior ranks, the rerainder go intc senior ranks.

To use the model, one starts with initial values for the number of
senior and junior faculty in an initizl year. Each year, a fraction, Fi,
of the junior and, Fi, of the senior faculty leave their respective ranks.
of the former, a fraction, Fg,

the growth plus replacement. The values of the parameters are assumed to
[]{j}:‘ be fixed in time. l

get promoted. The number that are hired is
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Such a two-tiered model fits historical data on physics faculty rather

well. In Figure 6.9, the number of juntor and senior facultles is shown in
100 Ph.G. physics departments from 1959-60 to 1977-78 (solid lines) together

with the '"best fit'" based on one get of parameters.

Eguation 1

= 0.035 Fy = 0.33

- B Tl ¥ ]
mwv o

F = 0.350 F., = 0.15

The only varlable is the total size of the physics faculties in the 100
institutions each year. As in Part | above, only minimum effort was made

to find a good fit and that was judged by eye. The parameters in Equation 1
are not optimum for extrapolation since they are average values over a con~
stantly shrinking Instructor rank, once so important. In recent years, that
rank has all but disappeared and the values of Fi and Fg are now close to
0.25 and 0.45 respectlvely.

The good fit over @ 20~year period shown in Figure 6.9 with not unrea-
sorable parameters encourages application of the mode! to the fragmentary
data of Atelsek and Gomberg (1972). Figure 6.10 shows the result of fitting
the data for all the science and engineering fields surveyed by Atelsek and
Gomberg to the two-tiered model. Curves 1, 2, and 3 assume the total faculty
growth rate of the recent past. There is little to choose among the different
parameter sets, although set 3 does best for data from 1973 on. When the
fraction of recent doctorates is extrapolated to 1990, we find that even if
faculty growth rates of one percent per year continue, the fraction will fall
to about 20 percent. But growth rates in the 1980's are more likely to be
negative than positive. Extrapolations 4 and & with zero and minus one per~
cent per year growth rates are more realistic. However, as the academic
market turns down, there i5 likely to be an increased exodus from senior
ranks. (The tenure system prevents faculty being pushed out; those pulled
away wit) be from among the best.) Curves 4 and 5 assume that FE fractions
will increase by one percentage point. The overlap of curves 3 and 4 illus~
trates the obvious fact that a decrease in growth rate is equivalent to an
increase in exodus rate. If the faculty shrinks by one percent per year

(somewhat less than the decline in the 18-22-year population) the fraction

16y
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FIGURE 6.9

SEN1OR-JUNIOR FACULTY COMPOSITION IN
100 PH.D.-GRANTING PHYSICS OEPARTHENTS
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FIGURE 6.10

PROJECTED TRENDS IN SCIENCE-ENGINEERING FACULTIES

BASED ON Data FROM ATELSEX AND GOMBERG, HEPR 43
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of recent doctorates on faculties {curve 5) will contract significantly,
even with increased exodus of senior faculty; the percent recent doctor=~

ates will fall to 13 percent.

The Atelcek-Gomberg data are from only a portion of the total science
and engineering academic community, although within the 19 fields covered
a significant fraction of the leading research departments answered the
survey. A broader data base is available from the National Research Coun-
cil's {NRC) Surveys of Doctoral! Scientists and Engineers which were carried
out in 1373, 1975, and 1977. Figure 6.11 shows the trends in the percent re-
cent doctorates on the faculties in those three years. While the definitions
used to cull the results from the NRC data were presumably the same as for
the Higher Education Panel Report (HEPR) study, the NRC values are consider-
ably higher, though with similar trends. The discrepancy is almost cer-
tainiy dye to the vagueness of the phrase 'within seven years'" of the doc-
torate. We expect that the NRC data contain at least one more year of
doctorates than does the HEPR data. When the model is fitted to the data,
assuming again a 1.1 percent per year growth in total faculty, a good fit
is obtained with parameters not very different from those of curves ! and 2
of Figure 6.10, The suitability of fit is primarily a function of the rates of
changes of the factors and not of the absolute values. Two extrapolations .
are made; one for no growth, the other for a 1.1 percent growth. The former

results in a Z0 percent recent doctorate component in ]1990.

The extrapolations of Figures 6.10 and 6.1) for the aggregated faculties
are useful overviews but are not particulariy helpful for decision-making,
since individual fields differ widely. Figure 6.1Z shows the data from
Atelsek and Gomberg {197°) for five fields: chemistry, electrical engi-
neering, mathematics, physics, and psychology. The initial values of the
fraction of new doctorates differ by more than a factor of two. So, too,
do the slopes of the curves. The initially high-valued fields have been
failing precipitously; fields which have already taken their lumps are

changing slowly.

if zero gr~wth rates are the rule in the 1980's, then we can expect
that by 1990, ihe percentag:s of recent doctorates will range from a high

of 20 percent (psychology) to a low of 10 percent (physics). The latter
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FIGURE 6. 11

PROJECTED TRENDS iN SCIENCE PLUS ENGINEERING FACULTIES
BASED ON NRC SURVEYS, 1973, 1975, and 1977
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FIGURE 6.12

PROJECTED TRENDS IN FIVE SCIENCE - ENGINEERING
FACULTIES BASED ON DATA FROM ATELSEK AND
GOMBERG, HEPR 43
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value is similar to the predictions in Part | where we showed that for
physics the use of jurior faculty is roughly equivalent to the "‘within

seven years' faculty.

We have not considered negative faculty growth rates in Figure 12,
even though we believe that many fields will suffer such declines, since
we anticipate that increased exodus from the senior ranks will add open-

ings to compensate for the decreased size.

itt. The Effect of an Add-On Scholars Program

The research community is complex, with many interconnected forces
working to maintain the research strength which is the primary function
of the community; like a 1iving organism, research academe has evolved
to withstand buffeting. The loss in research vitality and in total re-
search productivity as a result of a shrinking young faculty will become
transparently clear only when the situation becomes much worse than now.
If we do not heed the clear warning signs of enfeeblement, it will take
a decade to heal the damage. The most obvious cure is an injection of
young scholars. We will not discuss hare any specific proposal, such as
that proposed by the NRC's Committee on Continuity in Academic Research
Performance (National Research Council, 1979), but will assess the con-

sequences of a general add-on scholars program.

The criteria for an add-on program are that recent doctorates are
hired beyond the numbers that would be hired without the program and that
the promotion percentages from Assistant to Associate Professor do not de-

cline. Such criteria are easily incorporated into the model of Figure 6.8,

In Figure .11, we show the effect of a program which would add, each
year, ten 'recent' doctorates for every 1,000 faculty in science and engi~
neering. We have assumed no growth apart from the new program. Such a

program will slow but will not stem the downturn.

in Figure 6.13, we show the effects in physics and chemistry of a yearly
program of adding 10 and 20 scholars for every 1,000 faculty. The asymp-
totic results of these programs are almost independent of the starting con-
ditions. For both physics and chemistry, a program of ten scholars per 1,000
faculty will result in 18 percent having "recent' doctorates; a program of

20 scholars per 1,000 faculty will result in a 24 percent fraction. In
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FICURE 6.13
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physics these programs are about equivalent to adding 3D and 60 new
Assistant Professors respectively into the 100 leading research~
oriented faculties and the results are consistent with the projec-

tlons in Part | using the four-tiered model.

The smaller programs wlll stop the erosion but the final result
will be below steady state.” The larger program will bring the facul-
ties almost to the ''steady-state’ conditions. We did not incorporate a
phase-out to the programs in Figures 6.11 and 6.13, but as we have stated
before, and as is specifically a part of the recommendations of the
Committee on Continuity in Academic Research Performance, the add-on
program should phase out as ret!rements Increase (Ff) to equilibrium

values of three to four percent.
Comment 1.

Physics faculties are in greater difficulty than is indicated by
the NRC data quoted in the Report of the Committee on Continuity in
Academic Research Performance (National Research Council, 1979, p. 105).
The NRC data Indicate a growth of 1.7 percent between 1975 and 1977, but
both the Atelsek and Gomberg data and the census of all the faculties
of physics show no growth. (The census data siow a small but steady de-
cline from 1971 through 1979.} The discrepancy between the actual values
and the NRC survey data, resuits from the fact that the latter do not
distinguish departments in which physicists are housed; the respondent to
the survey gives only the name of the employer and his employment specialty.
In recent years, the downturn in job opportunities for physicists resulted
in large numbers being available and many were hired into facu.ty positions
in other departments. Between 1973 and 1977, more than 300 Ph.D. physicists
were so hired, mainly into engineering and earth science faculties. Physics

faculties did not get the benefit of these young scientists.
Comment 1.

The extrapolations of Figures 6.10, 6.11, and 6.12 predict that the per-
centage of recent doctorates will fall below the "steady-state' value in atl

fieids by 1990. There is considerable ambiguity to determining the steady~
state value for ''recent" doctorates. |If, for example, all seven years are

spent on the faculty, then the steady-state percentage is 35 percent; if

17
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only five of the seven years are in faculty positions, then the percentage
of the faculty that hold recent doctorates will drop to 28 percent. (Ve
have assumed an average age at the doctorate of 29, a mean average at re-
tirement of 65 and a probability of promotion of &5 percent.) Much less
ambiguity is encountered if one ysed the percentage junior faculty (Assist-
ant Professor and below) as the measure of *'young.* For physics that value
is 15 percent and is expected to fall to 10 percent. The average length of
time spent in the Assistant Professor rank is four years so that the con-
tinui ty equations at steady-state give an ecuilibrium fraction of 22 per-
cent, assuming entrance and retirement ages of 30 and 65 and a 45 percent
promotion rate. Physics faculties are now at two-thirds the equilibrium
value and will fall below the 50 percent mark by the mid-1980's.

The uyse of equilibrium values provides useful bench marks but we had
better understand just how different will be the world of research-
oriented faculties when we reach that unhappy state. At equilibrium, the
mean age of the faculty will be 46 to 48 years {depending on retirement
age) ; 45 percent of the faculty will te over 50 years old, assuming a re-
tirement age of 70. We older folk are no doubt as intetligent and as
creatlve as we were when young, but wifl we do as much research, start as

many new projects, have as much incentive, time, energy?

Comment IIf.

'S The more senicr the faculty the more it will cost. In research-
oriented departments a full Professor may cost a university three times as
much as an Assistant Professor who miy get a part of his term salary from
a research grant. And,ﬂjf the past is a guide to the future, the senior

faculty will Co less research than would a younger faculty.

The mean times spent in resesrch and in research plus development are
given in Table 6.4 as a functlon of faculty rank for each broad field. Assist-
ant Professors consistently spend a larger fractlon of their time on research
and development than Professors - hardly a surprise. if these percentages
prevail in the future, thken the full-time equivalent research population will
decline as the faculties become more senior. Specifically, in a faculty of
constant size, a decline in the percentage of junior faculty from 30 to 20

| Bl
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TABLE 6.4

X
MEAN PERCENTAGE OF TIME SPENT ON RESEARCH BY FACULTY RANK

Mean Percentage of Time the Faculties in Ph.D.~Granting Institutions
Were Involved in Basic Research in 1977

All Fields
Mathematics

Physics

Chemistry

Earth Sciences
Engineering
Agricuitural Sciences
Biological Sciences
Psychology

Sociai Sciences

Total

Facultz

20.
24,
34,
32,
24,

30.

hg

2
1
7
9
7
1

14.8
14.9

Professor

18.2%
21.6
32.9
28.8
23.5
0
2
26.1

14.0
13.3

Associate Assistant
Professor Professor
19.7% 25.0%
241 27.7
32.7 38.6
33.5 4o.2
21.9 31.0
7.7 12.1
10.7 8.8
29.0 36.8
14,2 17.3
14,4 17.8

Mean Percentage of Time the Faculties in Ph.D.»Granting Institutions

Were |nvolved in Research and Development in 1977

All Fields
Mathematics

Physics

Chemistry

Earth Sciences
Engineering
Agricultural Sciences
Biological Sciences
Psychoiogy

Social Sciences

B

‘rom 1977 NRC Survey of Doctoral Scientists

Total

Faculty

30,
29,
38,
35.
32.
27.
39.
38.
23.
23,

e

W O R O D wmy Vv W D

Professor

28,
27.
36,
31.
29.
2c.
37.

33.
21,

21.

[ %]
-2
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Associate Assistant
Professor Professor
31.1% 35.5%
28.5 32.0
37.0 4y 5
36.3 Ly, 8
32.4 39.5
29.4 35.4
4o.2 42.8
37.5 Ly, 7
23.8 26.8
23.8 25.3

and Engineers
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percent would result in a loss of full-time research and development
equivalents of 0.4 percent, 0.8 percent, 0.9 percent, and 1.0 percent

*
for mathematics, physics, chemistry, and biosciences, respectively.

* .
| would tike to thank Porter Coggeshali for helpful discussions
and the Commisslon on Human Resources for supplying the data for Figure 11
and Table &.
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CHAPTER V1!

AGING FIELOS: PROJECTIONS OF NEW HIRES ANO YOUNG FACULTY RATIOS
FOR BROAO SCIENCE ANO ENGINEERING FIELOS: 1976 TO 20007

Charlotte V. Kuh
Harvard Graduate School of Education

[. Introduction

It is the purpose of this paper to report the results of the application
of the model described in “Reconcilable Oifferences?,' which appears earlier
in this volume, to particular broad fields in science and engineering. The
fields are physical scien~e {defined here as including both physical and
environmental science), mathematical science, social science (including
psychology), and engineering. It is found that the projections of demand
vary significantly from field to field. MNevertheless, all fields except
physical science are expected to experience marked declines in new hiring
from a peak in 1980 to » trough in the mid-1980's, followed by a pick-up
in the late eighties and then by another, far more precipitous, decline.

New hiring in physical science does not dacline until 1990.

The effect on the ratio of young faculty to tota) faculty of these
patterns of new hiring is discussed. The manner in which field-specific

demography af fects new hiring is also described.

(1. Why Broad Fields, and Dther Caveats

It can easily be argued that the proper units of disagyregation rele-
vant to the "health" of the process that produces knowledge in a particular
discipline is the discipiine itself, molecular biology or econometrics, for
example. And even given this fine a disaggregation, fundamental changes in
knowledge are only produced by a few scientists at a few universities (Klitgard,

1979) . Why, then, does this study examine such broadly aggregated fields?

The d#7.nse of the use of broad fields is, in part, one of statistical

necessity--our statistical techniques require that there not be too many

.

"The research for this project was completed while the author was
Assistant Professor, Harvard Graduate School of Education, and was conducted
with research support from the National Science Foundation. | wish to thank
David Bussard and Bernard Morris for research assistance.
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zeroes in the matrices from which we estimate transition probabitities.
In addition to this practical arqument, however, there is a certain
amount of theoretical justification. The few scientists at the few uni-
versities are the outcome of a process that involves a great many more
people than just themselves. They carry out their work with the help, in
part, of students who feel that a career exists for them in science and
hence have undertaken graduate study. The ''best'' are found through a
lengthy process that involves career decisions by students, acmission
decisions by colleges and graduate schools, funding decisions by those
organizations that support research, and hiring decisions by academic and
non-academic employers. We do not really know what happens to the rest of
this* chain of decisions when changes in the external environment, student
demand, for example, affect hiring decisions. !grorance, however, should

not be an excuse for complacency.

The results presented below should not be used to make statements such
as "Academic hiring in economics is going to decline by 62 percent in the
1980's." Such a statement ignores the fact that these proj.ctions are for
broad fields, and hence averagqe the experience and demography of economics,
sociology, political science, and psychology. Furthermore, these forecasts
are subject to all sorts of uncertainty about parameters. For example, a
high rate of inflation in the 1980's may mean that meny faculty members
decide not to retire until age 70 or later. This would mean that, given
faculty/student ratios, ticre could be even less new hiring. On the other
hand, institutions, aiming to reduce costs, might become much more reliant
on part-time faculty. This would change faculty/student ratios and result
in the hiring of more people although their incomes might be seriously
affected.

The purpose of presenting these projections, then, is to explore the
implications of faculty demography and projected enrol lments for the evolu-
tion of the age and tenure structure for broad fields and, consequently, for
new hiring and young faculty ratios. Parameters could very well change in

the 1980's in ways we have not anticipated.lf Demcgraphic evolution could

lfA certain amount of "economic' adjustment is buiit into the model
through the assumption that attrition rates will double in the 1980's and
then return to earlier leve:s, that promotion rates will decline in the '80's,
Q and that there will be a moderate adjustment to the change in mandatory

[ERJ!:‘ retirement legistation.
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conceivably have no effect on the production of knowledge., Older might

well be wiser., We leave the answers to these gquestions to other reszarchers.

i1, 1nitial Conditions: The Demographic Shape of the Fi.lds

A. Data

Faculty data from two sources are used in these projections. The total
size of a field in 1975 is the number of teaching faculty in four-year
colleges and universities as found in the National Science Foundation Survey

of Manpower Resources for Scientific Activities at Universities and Colleges

(1975). This number includes both doctoral and non-doctoral faculty. We
do not, however, have detailed demograpnic data about this population. For
these data we rely on special tabulations for doctoral faculty provided

for us from the Survey of Doctoral Scientists and Engineers of the Com-
mission on Human Resources of the National Academy of Sciences {National
Research Council, 1976). We have assumed that the demographic parameters
derived for doctorai faculty are applicable to all teaching facuity.

Qur projections of student enrollment by field are derived by applying
the projections of earned degrees by field of the National Center for Edu-
cation Statistics for the years up to 1986-87 (NCES, 1978) to our aggregate
student enrollment seriesgj by assuming that a field's share of enroliments
varies as its share of earned degrees. Thereafter we assume that the shares

of the individual fields remain at their 1986-87 values.

B. The Fields in 1975

A summary of the initial field-specified demugraphy is presented in
Tabte 7.1. A more detalled breakdown for each field Is presented in the

Appenaix.

There are clear differences among fields. Faculty in mathematics are
significantly younger than faculty in other fields in both the tenured and
non-tenured ranks. A little more than one-quarter of physical scientists
are "young' in terms of academic age, 3s contrasted with 40 percent or more
in both the mathematical and social sciences. Mathematical sciences, however,
have a relatively high tenure ratio, while the tenure ratio for the social

sciences is the lowest for any field.

g!For the derivation of the aggregate student enrollment series, see
Q L. Fernandez,(1978) .

1o
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Initial tenure rates and attrition rates also differ from field to
field. Table 7.2 presents the tenure and attrltion rates In 1976 for non=

tenured faculty merbers of academic age three and seven.jf in examining
Table 7.2, it is Important to remember that tnese rates are conditional on
an jpdividual's still being a non-tenured faculty member at the academic
age in question. Thus, the higher the attrition rate at early ages, the
fewer faculty theire are available at later ages who can become tenured,

We might, therefore, expect to see a direct relationship between eariy
attritiop rates and later tenure rates. What we observe, in fact, is that
physical science has low tepure rates and relatively high early attrition
rates, while mathematics and social science have low-to-average early
attrition rates and high tepure rates at age seven. Since these rates were
observed during a period of growing errollments, one might guess that these
latter fields might be most seriously affected during the 1980's when en-

rollment grow* ™~ becomes negative.

It is the interaction of these rates (which vary from field to field)
plus age-specific death and retirement rates (which are assumed the same for
all fields) plus the initial joint distribution of biclogical age, academic
ayge, and tepure, that compose opur initial conditions. Projected eproll~
ment demand and the assumption of a given faculty/student ratio then
determine the course of this populatior over time as faculty are hired to
maintain the faculty/student ratio. The effect of these initial conditions
and the resulting change in the demographic description of the population

over time are presented in the following section.

IV. Results

A. New Hiring

The demand for new hires is generated, in part, by the change in faculily
demand. This facuity demand relative to its 1975 level is presented in
Figure 7.1 for the five separate fields. Englneering, which In the yzars
prior to 1975 had suffered a decline, shows the greatest growth in demand

in 1980. Physical and social sciences show the least growth in relative

3/

2 Tables with all input parameters for all ye:+s of the model are
available on request from the author.

1 e
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TABLE 7.1

SUMMARY OF AGE AND TENURE CHARACTERISTICS
OF DOCTORAL FACULTY BY FIELD, 197¢

FIELD
Mathematical  Physical Life Social
Characteristic Sciences Scliences Engineering Sciences Sciences
Median Biological age-
Tenured faculty 52.3 45.6 4e.5 h7.6 46 .4
Non~tenured faculty 34.0 35.9 36.8 36.4 36.0
Percent of acadenic
age less thar eight Lo% 25.4% 27% 32.82% kb 1%
Percent Tenurcd 67.5% 69.6% 72.56% 66.5% £, 2%
TABLE 7.2
EXAMPLES OF AGE-SPECIFIC TENURE AND ATTRITICH
FATES FOR OOCTORAL FACELTY BY FIELD, 197¢
FIELD
Mathematical Physical Life Sccial
Sciences Sciences _ Engincering  Sciences  Sciences
Tenure rate at:
Acaderic age ihree LO3R .n24 .Ohg Lod 072
Academic age seven L4h08 78 73 214 . 308
Non-tenured attrition
raie st.
m.adenic age three 039 102 .035 .032 .023
Acaderic age seven 052 043 .078 .003 010

frer causes other thap death or retirement

-
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demand.  Between 1980 and 1985‘ demand for faculiy in all fields declines

and after a plateau in the late 1980's, demand declines at least to 1995
for all fields. 1t should be noted, however, that even o 1995 the size
of the faculty in mathematical, life, and engineering sciences is above
its 1975 level by from 10 to 30 percent. This 1s, however, a decline
from peaks that were almost 25 to 45 percent higher than 1075 levels.

For the socia) anc physical sciences, however. demand is lower than its
1375 level by 5 to 10 percent. The levels of demand and relative demands

are shown in Tables 7.3 and 7.4, respectively.

Although the shapes of demand for the several fields as shown in
Fiaure 7.1 are similar, new hiring, whcih depends on the change in demand
and the change in ' - existing faculty stock, is quite different across
fields, as shown in ligure 7.2 and Table 7.5. Peak new hiring occurred in
engineering in 1976, while that peak will not be reached untii 1380 for
the mathematical, life, and social sciences. MNew hiring in the physical
sciences will not reach its peak until 1389, when other fields will pull
out of the mid-'80's slump. All fields will experience marked declines
in the 1990's. These declines will be reversed in the later 1990's if the
birth rate picks up as is predicted by the Census. |t is also at this
tine that the hirind bulge of the 1960's will begin to have woerkad its

vdy throuvah the s/stem Lo retirement,

Taken frow 1980, the largest relative declines it the 1980's will be
experienced by tne spcial sciences, followed by life sciences, and mathe-

malical sciences, These relative declines are presented in Table 7.6.

As hay Leen mentioned earlier, these patterns of new hiring result
troo. the inreraction of faculty demography, faculty transition rates, and
chanaes in Ltudent demand.  The sources of new hiring demand by field
are examined separately in Figures 7.3% to 7.3E., All fields experience similar
changes i U desired stock due to changes in student demand. The con-
tribution of nun~teaured attrilion varies coasiderably gGeross fields. This
contribution r.sults both from the attrition rate and from the sjze of
the non-tecured population to which it is ahelijed. High non-tenured at-

trition rates in physicel sciences, for example, are Lhe caplanition for

Q 1
ERIC

Aruitoxt provided by Eic:
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TATLE 7.3

DEMANDO FOR STOCKS 8Y FIELD RELATIVE TO 1975 OEMAND

Mathematical Physical Engineering Life Social
Year Sciences Sciences Sciences Sciences
1975 1.0000 }.0000 1.0000 1.0000 1.0000
1976 1.028) 1.0009 1.1846 1.0419 1.0050
1977 1.0565 1.0127 1.2788 1.0866 1.0146
1978 1.0910 1.0281 1.3667 1.1290 1.0241
1979 .13 1.0468 1.3903 i.1764 1.0385
1980 }.1684 1.0634 1.4120 1.2203 1.0503
1981 1.1995 1.0714 1.4216 1.2536 1.0539
1982 i.2275 1.0765 1.4282 1.2820 1.054%
1983 1.2386 1.0708 1.4195 1.2967 1.0457
1984 1.2487 1.0604 1.4048 1.3046 1.0319
1985 1.2446 1.0407 1.3778 1.2993 1.0097
1986 1.2233 1.0229 1.3542 1.2771 19925
1987 1.2155 1.0164 1.3456 1.2690 9862
1988 1.2184 1.0188 i.3488 1.2720 .988¢5
1989 }.2294 1.0280 1.3610 }.2834 9974
1990 1.2132 1.0145 1.343] 1.2666 9843
1991 1.1849 .9908 1.31:8 1.2370 .96 14
1992 1.1611 .9709 1.2854 1.2122 9420
1993 1. 148} . 9600 1.2710 1.1986 9315
1994 1.1443 .9569 1.2668 1.1947 .9284
1995 1.1372 .9509 1.2589 1.1872 9227
1996 b, 1438 L9564 1.2662 1.194] .9280
1997 11614 971 1.2857 1.21256 9422
1998 1. 1991 1.0027 1.3275 1.2519 .9729
1999 1.2388 1.0358 1.3714 1.2933 1.0050
2000 1.2801 .0704 1.4171 1.3364 1.0386

et —— —— ———
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TABLE 7.4

TOTAL FACULTY DEMAND BY FIELDS

Mathematical Physical Engineering Life Social
Year Sciences Sciences Sciences Sciences
1975 18,790 24,652 17,630 68,251 64,471
1976 19,317 24,674 20,885 71,112 64,795
1977 19,852 24 964 22,545 74,161 65,414
1978 20,499 25,344 24,095 77,052 66,022
1979 21,252 25,807 24,522 80,291 66,954
1980 21,954 26,214 24,893 83,285 67,712
1931 22,539 26,413 25,063 85,562 67,944
1982 23,065 26,537 25,180 87,499 67,993
1983 23,273 26,398 25,025 88,498 67,416
1984 23,462 26, b4} 24,766 89,041 66,527
1985 23,185 25,654 24,290 88,677 65,098
1986 22,485 25,216 23,875 87,161 63,985
1987 22,6840 25,056 23,724 86,610 63,581
1988 22,894 25,115 23,779 86,813 63,730
1989 23,100 25, 341 23,994 87,596 64,305
1990 22,197 25,069 23,679 86,445 63,460
1991 72,265 24,425 23,126 84,430 61,980
1992 2y 87 23,934 22,661 82,731 60,733
17193 238,373 23,666 22,408 81,806 60,054
1994 21,502 23.588 22,334 81,536 59,850
1935 21,368 23,442 22,195 81.030 59,484
1996 21,492 23,577 22,324 81,499 59,828
1997 21.822 23,940 22,667 82,751 60,748
1998 22,532 24,718 23,403 85,441 62,722
1959 23,277 25,535 24,177 88,266 64,796
2000 24,053 26,387 24,984 91,211 66,958

am— -~ - ——— - — - — - - -
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TABLE 7.5

NEW HIRES BY FIELD

- —

Mathematical Physical Engineering Life Social
Year Sciences Sciences Sciences Sciences
1975 9 0 0 0 0
1976 938 832 3,645 4,247 1,822
1977 978 1,253 2,190 b,623 2,27
1978 1,153 1,452 2,192 4,755 2,459
1979 1,285 1,680 1,229 5,246 2,922
1980 1,300 1,838 1,292 5,330 2,964
1981 1,251 1,885 i,209 4,995 2,401
1982 1,289 2,095 1,116 4,303 2,116
1983 1,059 2,096 893 4,348 1,690
1984 i, 160 2,188 774 4,056 1,495
1985 362 2,176 643 3,217 1,124
1986 5/8 Z2,165 663 2,136 1,522
1987 77 2,349 849 2,645 2,202
1983 52 2,542 1,013 3,47 2,620
1389 1,017 2.617 1,170 3,816 2,994
1990 556 2,078 680 1,804 1,598
1991 126 1,542 351 888 938
1997 150 1, bbb L68 866 1,04k
1993 390 1,487 572 1,577 1,591
1994 543 1,464 672 2,319 2,140
1995 430 1,222 6i8 1,916 1,907
1996 70% i,516 856 2,908 2,634
19 366 1,739 bo104 3,937 3,330
1995 1,389 2,310 i,600 5,483 4,303
1999 1.5062 2,433 1,676 5,715 4,563
2000 b.657 2,597 1,744 5,905 4,779

19j
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TABLE 7.6

NEW HIRING RELATIVE TO 1976

Mathematical Physical Engineering Life Social
Year Sciences Sciences Sciences Sciences
1976 1.00 1.00 1.00 1.00 1.00
1977 1.04 1.51 .60 1.09 1.25
1978 1.23 1.75 .60 1.12 1.35
1979 1.37 2.02 .34 1,24 1.60
1980 1.39 2.2% .35 1.26 1.63
1981 1.33 2.26 .33 1.18 1.32
1982 1.37 2.52 .3 1.15 1.16
1983 1.13 2.52 24 1.02 .93
1984 1.24 2.63 .21 .96 .82
1985 1.03 2.61 .18 .76 .62
1986 .62 2.60 .18 .50 .84
1987 .76 2.82 .23 .62 1.21
1988 1.01 3.06 .28 .82 1.4k
1989 1.08 3.15 .32 .90 1.64
1990 49 2.50 .19 A2 .88
1991 .13 1.85 .10 .21 .51
1992 .16 1.74 .13 .20 .57
1993 k2 1.79 6 .37 .87
1994 .58 1.76 .18 .55 1.17
1995 A6 1.47 A7 T 1.05
1996 .75 1.82 .23 .68 1.45
1997 1.03 2.09 .31 .93 1.83
1998 1.48 2,78 LAtk 1.29 2.36
1999 1.60 2.92 b6 1.35 2.50
2000 1.77 3.12 48 1.40 2.62
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the relatively favorable new hiring projection for this field during the
1980's. Such a ''favorable'' experience, however, could also be called a

" For all fields during the 1280's, the revolving door

"revolving door .
is the principal source of new hiring. in the late 1980's and 1990's,
death and retirement play an increasingly important part as the faculty

ages.

B. Young Faculty

The ratio of young to total faculty is shown in Figure 7.4 and
Table 7.7 for the separate fields. Engineering, which grew most rapidly
in the late 1970°s. maintains a young faculty share of close to 40 percent
until 1982 when the cumulative effect of new hiring cutbacks becomes
evident. The other fields show declining young faculty ratios until 1980,
These ratios then rise in the physical and life sciences, but continue to
decline in the mathematical and social sciences. The ratio declines in
the life sciences. as well, after 1982. By the early 1990's, with the
exception of the physical sciences, young faculty ratios have declined by

almost 20 percentage points or more in all fields.

The high non-tenured attrition rate for the physical sciences and the
relatively low tenure rates result in very few physical scientists be-
coming tenured. The result is a rising young faculty ratio and a declining
tenure ratio as ratiring tenured faculty are not replaced by faculty who

have been promoted to tenure.h/

C. The Physical Sciences

The physical sciences show a projected pattern of new niring so dif-
ferent from the other fields that the sources of these surprising results
shouid be further explored. As mentioned above, the sources of this di-
vergent experience are high non-tenured attrition rates and low rates of
promotion to tenure, which mean that young faculty are exposed to the high
attrition rates for a relatively longer time. The attrition rates are a

characteristic of the CHR data. The age-specific promotion rates are
estimated directly from the data. It is possible, however, that our

E/it is also possible that tenure rates may increase in response to this
siluation.
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assumption that these observed high non-tenured attrition rates will
double in the 1980's will prove inaccurate. This feature of our model
is based on the expectation that new faculty in the 1980's, disappointed
by relatively poor market conditions, will be more likely to withdraw.
But it is possible that the academic market has been weak for physical
scientists ihroughout the 1970's, and hence that new cohorts of physical
science Ph.D.'s would be less likely to be further disappointed than
earlier cohorts. The difference in the time profiie of non-tenured
attrition for the physical sciences relative to other fields would have
to be substantial, however, since non-tenured attrition rates in the

physical sciences are now almost double those in other fields.
V. Conclusions

To a large extent, the results presented in Section 1V speak for
themselves. Declines in new hiring that could easily be called precipi-
tous are likely to occur in all fields except physical sciences in the
1980's and this decline, after a brief plateau, will continue at least
until the mid-1990's. The effect of these declines in new hiring will be

a declining young faculty ratio and an aging tenured faculty.

Roy Radner and 1 have explored elsewhere the effect for the mathemat-
ical sciences of assuming that adjustment of hiring to changing student
demand be spread over a three-year period {rather than annually, as in the
present model} (Kub and Radner, 1980). We have also looked at the pro-
jected experience of research ur rsersities under the assumption that
private universities will be in the steady state over the period. The
effect of these changes in assunptions is to flatten slightly the peaks and

troughs, but they do not disappear.

The projected experience of physical science is worth special consider-
ation since it illustrates that the ''young investigator'' problem is, in
fact, multifaceted, Those fields in which young faculty find reasonable
pruspects of a career that leads to tenure are also those fields that ex~
perience the wost severe decline in their share of young investigators. The
physical sciences., on the other hand, achieve reasonable young investigator

ratios through much higher rates of turnover. The question that is important

for policy is whether cither of these projected patterns of adjustment is

| ERIC
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conducive to productive research by young investigators, and what kinds of
policies can deal with both facets of the problem. It would seem likely
that @ policy that would both open up tenure slots in the physical sciences
and inc¢rease the number of non-tenure positions in other fields would be
appropriate. |t may also be useful to find out whether the high level of
turnover in the physical sciences is due to an active non-academic

market that can absorb young faculty who do not get tenpure. It may be
important to broaden such pathways of mobility in other fields as academic

markets become tighter.

Although we have not addressed the point in a paper directed

toward the ''young investigator problem,'" it is clear that the obverse of
the projections for young faculty is the aging of tenured faculty. Very
little research has been done on the processes that relate age and pro-
ductivity and their outcome.éj These processes may differ significantly
by tleld, perhaps reflecting differing ‘''obsolescence rates'' of knowledge
as compared to the acquisition of highly specialized human capital by
faculty members. Further research in this area could help answer the
guestion of whether the projected decline in young faculty is truly a

‘'problem'' or simply a demographic fact,

Finally, it seems evident that the 1980's will bring & marked decline
in the proportion of young faculty in 3lmost every field. Nor is it clear
that the revolving door that is apparent in the physical sciences i5 an
optimal solution. | have discussed policy elsewhere {Radnar and Kuh, 1978)
and it is discussed in the companion volume to this collection of papers.
It is hoped that the discussion can now proceed from consideration of
whether there is a problem to consideration and analysis of a variety of

policy responses.

5/

="Some research, which uses citation analysis, has been reported in
$. Cole, '"Age and Scientific Performance ' American Journal of Sociology,
January, 1979. This report finds little relation between age and produc-
tivity. The period studied, however, was a period of tremendous increase
in the number of faculty. Whether these findings would hold in a period
of decline i5 an open question.
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APFENDIX T

DETZJ1ED PROJECTION RESULTS BY FIF1D*

Mathematical Sciences
Physical Sciences
Engineering

Life Sciences

Social Eciences

*
Results are reported here for every fifth projected year.
A full set of results is available from the author on request.
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CHAPTER V111

FLE AND SCIENTIFIC FRCODUCTIVITY:
A CRITICAL REVIEVW

Barbara F. Reskin
Indianz University

For the past half century social scientists have periodically
considered the effects of scientists' age on their performance. Studies
have focused on specific disciplines or subgroups, such as emirent sci-
entists or those employed in various drganizational settings, and have
examined several different measures of performance. Extensive, albeit
methodologically inadequate, study has failed to turn up any convincing
evidence of a strong, simple relationship between 3ge and the productivity
of individual scientists. This relationship still awaits theoretically

informed and methodologically rigorous investigation.

Most empirical work on age and performance has been prompted by two
concerns: general interest in the impact of aging on various kinds of
behavior and specific policy issues retlated to enhancing scientific output
(Tay'or and Barron, 1963; Pelz and Andrews, 1966)}. In spite of sociological,
psychological. and economic theories of science or c¢reativity that imply
hypotheses about the relationship between ~ge and productivity, little of
the empirical work is theoretically informed (Pelz and Andrews’ work is an
exception}. In the first section of this review, ! suymmarize the theoretical
bases for a relationship between age and scientific productivity and present
some modeis for the form of the relationship. |In the second section. the
rather limited evidence in the jiterature for such a relationship is eval-
uated. | then discuss methodological problems that beset research on this
topic. Fimally, 1 hazard some tentative conclusions about the relationship

in question.
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1. Theoretical Analysis

Assumptions about the Impact of Aging on Performance

In view of the atheoretical nature of most inquiries into the
age-productivity relationship, the jack of consensus even on issues as
fundamental as the direction or form of the relationship is not syr-
prising. Conflicting assumptions that aging impairs performance and that
performance improves with experience=-and hence with age--both enjoy wide
support. Laypersons and practicing scientists alike often assume that
aging inherently impairs many kinds of human performance, either because
it causes psychological or mental decline or because it leads to person-
ality changes that interfere with certain kinds of performance.l! {For
example, some believe that old people become ''set in their ways' and resist
new ideas.) Although the corol lary that youth is characterized by greater
mental vigor does not necessarily follow, it is probably even more widely
accepted. This belief that aging adversely affects performance constitutes

the major basis for the assumption of a negative relationship between

scientists' age and their productivity.

The premise that performance improves with experience implies the
opposite effect of age. Since age is highly correlated with professional
experience, scientists’ performance should improve over time. That sci-
entists regard breakthroughs by young researchers as remarkable implies

that they accept the assumption of a positive impact of experience.

But experience can also be a handicap to scientific innovation. Naive
young scientists may pursue ideas that more experienced scientists would
reject out of hand. As Nobel Laureate Chen Ning Yang observed, ''As you
get older, you get less daring. You have seen so much--therefore, for
every new thought you have, you immediately marshal a large number of

counter-arquments.! (Pelz and Andrews, 1966, p. 197). This view is manifest

1-’(ieronl:ologisl:s have assessed these assumotions, byt 8 review of the
extensive gerontoliogical literature on the effects of age on performance
is beyond the scope of this paper, which arques that scientific productivity
is determined largely by the social context of research.

ERIC <l
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in Kuhn's (1962) theory of scientific revolutions, which holds that
scientists who create revolutionary new paradigms are often outsiders--
either young or new to their field--who are not hampered by viewing
phenomena in the established way. Older scientists may also be constrained
by their vested stake in traditiona, views (Barber, 1961, p. 602; Hagstrom,
1965, p. 284). Hence, Kuhn follows Planck (in Zuckerman and Merton, 1972)
in contending that scientific crises are resolved not by converting the
adherents of the older paradigm to the new one, but through their ultimate

replacement by the new generation.

If the beliefs about the negative impact of aging and the positive one
of experience both have merit, the effects could cance! each other out or
they could operate separately at opposite ends of the professional life
cycle, generating a curvilinear relationship between age and performance.

In reality, it is sociologically naive to expect either pattern. Any effect
of age is necessarily confounded with a variety of other factors that affect
scientific productivity. A fruitful theory of the impact of age on sci-
entists' performance must incorporate sociological and psychological theories

of scientific productivity.

implications of Psychological Theories for the Age=Productivity Relationsh’p

Psychological approaches to scientific productivity (or, more broadly,
to creativity) emphasize intellectual ability, motivation, and other person-
ality traits. Although intelligence probably does not vary by age (Pelz
and Andrews, 1966, p, 175; Blackburn, 1972, p. 22)’2/ a case might be made
that level of motivation Jeclines as scientists age. The need to work
hard to achieve job security or tenure or to prove oneself--sometimes
occasioned by the belief that scientists who have not made it by the time
they are 35 or 40 will never do so--diminishes over time. Older scientists'
willingness to put in long hours and to defer personal gratification may
decline either because they have achieved their goals or forsaken them
(Pelz and Andrews, 1966). Although Pelz and Andrews observed that moti-

vation affected scientists' productivity, they also found that aging did

2/

=" In addition, measured ability does not distinguish more and less
productive scientists (Taylor and Barron, 1963; Bayer and Folger, 1966,
pp. 381-90; J. Cole, 1974, p. 40).
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not inevitubly lead to reduced motivation. Vroom (1964, p. 204) reported
that workers® motivation enhanced their outPut, unless it was accompanied
by a high level of anxiety. Younger scientists' anxiety about tenure or
professional security might depress the beneficial offect of their
greater motivation, whereas older scientists, less in need of proving

themselves, should be less hampered by anxiety.

Another personality trait some believe necessary for scientific inno-
vation is the willingness to take risks or stands cn controversial issues
(Blackburn, 1972, p. 16). Older scientists, having established their
reputations and obtained job security, may be more willing to take such

risks or simply be more self-confident (Pelz and Andrews, 1966, p. 210).

Cole and Cole (1973) pointed to the importance of sheer stamina,
which might reasonably be expected to decline as scientists grow older.
The amount of time college and university faculty spent at research dropped
with increasing years of experience (Tuckman, 1976), although this does
not necessarily imply reduced stamina. in any case, the relationship
between scientific productivity and number of hours scientists work is
weak (Fulton and Trow, 1974, p. 62; Hargens, l978).i/

Implications of Sociological Theories for the Age-Productivity Relationship

The importance of professional socfalization to resea“ch norms and
techniques is generally accepted (Crane, 1965; Zuckerman, 1977}, but it
is probably important only for recently trained scientists (Reskin, 1979).
Young scientists tend to be better informed ¢ the current state of their
field (Zuckerman and Merton, 1972, p. 3058). This should help them identify
and move into emerging problem areas and generally enhance their chance
of making major contributions. Furthermore, because most new doctorates
come from the top graduate institutions, they are more likely to have

been exposed to the most up-to-date techniques in their fields.

3/

='Sociologists ventured into the domain of psychology in proposing the
importance of a "propensity to publish® (Hargens, Reskin and Allison, 1976)
or a "“sacred spark'-~-an inner drive that compels some scientists to do
research regardless of whether they receive external rewards (Cole and
Cole, 1973, p. 114), but there is no theoretical reason to expect either
to vary by age.
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But socialization is not sufficient to maintain productivity (Hagstom,
1965). Sociological studies have assembled considerable evidence that
scientists' performance at any point in their careers is primarily a
function of the availability of resources, the extent of alternative role
demands, expectations about their performance, and the existence of both
material and professional rewards (Hagstrom, 1965, p. 28; Reskin, 1977).
This combination of expectations, resources, and rewards that sociologists
term the "reward structure' freguently depends on the organizational
setting in which scientists are located. Cole and Cole (1973, pp. 119-122)
posited a feedback relationship between productivity, recognition, and re-~
sources wherein collegial recognition of published work demonstrates a
scientist's merit to those who distribute professional resources {(appoint-
ments, grants, assistance). These resources both reinforce past performance
and facilitate future productivity. This process of "accumulative advantage'
should generate an improved fit between resources, productivity, and
recognition as scientists age (Allison and Stewart, 1974). Allison and
Stewart (1974) and Long (1978) support a qualified version of the accumulative-
advantage hypothesis. Its relevance for the age=-productivity relationship
is clear: among productive scientists, productivity should increase over
time: for unproductive scientists or those whose contributions do not
elicit recognition and rewards, increased age should be associated with
declining productivity. Although physiological effects of aging are not
ruled out, they should be small relative to those of the scientific reward

structure.

Economists invoke the diminishing economic returns to publications as
scientists age as one basis for expecting productivity to decline for older
scientists {Tuckman, 1976). However, the supposition that researchers
are motivated primarily by economic considerations rather than professional
rewards (such as formal or informal collegial recognition) is debatable.
Scientists primarily oriented toward monetary rewards probably choose more
lucracive jobs in private enterprise over positions in academic and non-

profit research organizations.

Scientists' social position also affects the likelihood that they w.:1]
change their research emphasis or point of view in response to inno-

vations {Hagstrom, 1965, p. 284). Younger scientists lack extensive

[ 4]
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personal ties that constrain them from accepting & new point of view, so

they are better able to exploit scientific breakthroughs.

Competing demands on scientists' time should play a large role in
their productivity. The midcareer productivity siump observed in some
studies {e.g., Pelz and Andrews, 1966) has been attributed to the
administrative responsibilities established scientists are often persuaded
to assume, HNobel Laureates' typical productivity decline is probably
due to the numerous professional requests they receive after the prize is
conferred {Zuckerman, 1977). The competing demands on researchers' time
varies with their age and is probably greatest for scientists in their
forties and fifties. Although this leaves many potentially productive
years for scientists to resume their research after completing their ad-
ministrative obligations, their abllity to do so will depend on the speed

with which their specialty has advanced and changed.

Extraprofessional roles also take scientists' time from their research.
Although demands to devote time and energy to one's family are greatest
for young scientists, the need to achieve job security partly insulates them
from these demands. As scientists achieve professional security, their
commitment to familial and other nonscientific roles may increase.
Certainly normative support for assigning their work the highest priority

diminishes,

The Effect of Scientific Specialty on the Age-Productivity Ralationship

Sociologists of science have identified several aspects of scientific
specialties that appear to affect scientists' productivity. These include
their rates of growth and technological! obsolescence, the way in which
research work is typically organized, and their degree of codification.

A theoretical case can be made that these factors affect the form of any

relationship between age and productivity,

Young scientists often enter emerging problem areas in which a con-
siderable amount of work can be produced fairly quickly. However, as
progressively more of the questions in an area are solved, the probability

of making an important contribution declines. Researchers must then choose
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between remaining in the area or switching to another with more unsolved
problems. Younger scientists may be more likely to respond to stagnation
in their research’aress--or to opportunities in emerging problem areas~-
by changing fields (Gieryn, 1979a). They have less invested in their
specialty or research area, their broader training facilitates migrating
to 3@ new problem area, and they have a longer work life ahead during
which the move can pay off. Older, more specialized researchers, on the
the other hand, may be deterred from changing fields by their reluctance
to compete with either the younger, more recently trained scientists,
or the established researchers in the area. The same reasoning would
predict differential responses by older and younger scientists to

technological obsolescence in their fielg.

Fields differ in their rates of growth and technological obsolescence.
1f the above argument that younger scientists are more likely to migrate
out of stagnating fields is sound, then the advantage of youth on perfor-
mance should be greatest in rapidly growing specialties and smallest in

those experiencing minimum change.

Specialty differences in the organization of research work may also
affect any age-productivity relationship. First, any net effect of age
on an individual scientist's performance might be partially masked in
fields characterized by collaborative research among scientists at dif-
ferent stages of their careers. Second, the effect of the increasing
numbers of pre- and postdoctoral students that successful researchers may
attract as they age will depend on whether most research is sole or col-
laborative. In fields in which research is primarily an individual
activity, having several students usually will not facilitate and may
even hamper scientists' pesformance; whereas in fields in which
research is a group enterprise, research volume will be enhanced by
additional workers. in fact, scientists with one or more postdectoral
fellows to run their labs should be able to take on administrative tasks

without 2 decline in their output.

Finzlly, specialty differences in degree of codification--that is,
the degree of consensus among practitioners on important questions and

appropriate research ¢trategies--may affect the age-productivity
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relationship {(Zuckerman and Merton, 1972). 1In more codified fields, young
investigators can more readily identify and attack important problems;

hence, they are less hindered by their lack of experience. 1in less codified
fields, on the other hand, lengthy experience may be beneficial, if not
essential, for producing important work, and age may provide an important
advantage. Because field switching is more difficult in highly codified
fields, in such fields younger scientists' greater inclination to migrate

to new research areas would not have the hypcothesized effect on productivity.
Thus, any positive effect of age on productivity based on differential

rates of field switching should be greater in lecs codified fields,

Type of Scientific Performance

The form of the age-productivity relationship will depend on the type
of performance at issue. Indeed, a case could be made that the effects
of age on sheer volume of productivity and on the quality of contributions
would be in opposite directions (and plausible arguments might be made
for either direction). Moreover, the forms of both the quantity and
quality relationships undoubtedly vary by field. In highly codified fields,
if experience does not necessarily provide an increasingly broad view
of the discipline, age would be no special advantage in doing work that
integrates several disparate research areas. In low-consensus fields,
however, scientists with extensive experience can contribute to their

discipline through such integrative work.

Impact of the Age Structure on Aggregate Productivity

Up to this point | have considered some theoretical reasons why age
might affect the perfarmance of individual scientists. However, even if
no individual-level association exists, the age structure of a discipline
or research specialty might affect its overail level of growth., For
example, if recently trained scientists act as emissaries in bringing new
techniques and problems to existing research groups, their absence could
depress the vitality or volume of that group's output (National Research
Council, 1979).

If an individual-level association does exist and if young scientists
are more responsive to developing problem areas (Gieryn, 1979a), a decline

in the number of young scientists could impede the rate of scientifc progress.
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Models of the Relationship Between Age and Productivity

The above discussion implies that any properly specified model of the
age-productivity relationship must take into account several additional
variables. Nonetheless, it is instructive to consider the variety of forms
the simple relationship between age and productivity might assume. In
this section, | present several formal models of that relationship (Figure 8.1).
Many of the models were taken Trom Bayer and Duttor {1977) who present the
mathematical form of six models gleaned from their review of the literature.
(Their tests of the six models for several disciplines are reported in
the following section.) In the equations below, Y represents some measure
of scientific performance, X represents age, and Z denotes other predictors

of performance.

The simplest model is one in which age and productivity are unrelated
either because age has no effect or because any negative effect of age
is cancelled out by the positive effect of experience. Hence, productivity

is wholly determined by other variables,
Y=3+bZ (1)
This and subsequent mode!s are shown in Figure 8.1,

Equations 2 and 3 both reflect the assumption that productivity
declines with age. The first (equation 2), which shows a negative linear

relationship, lacks a convincing theoretical basis.
Y =5 - bX (2)

The presupposition that age adversely affects productivity only after
some advanced age cannot be captired by a single egquation, but would be
reflected by a combination of equation | (no relationship) and equation 2

(a3 negative relationship when X is greater than some specified value, D).
Y = 53+ bZ, where X€ D (3)
Y =23 - bX, where X2 D

The next three models reflect the assumption that experience enhances
productivity. The first (equation &), which Bayer and Dutton (1977) describe
as a "cumulative growth' function, shows a positive linear relationship

between age and productivity:

Y =35 + bX (4)

8o
b
.
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Equation |
No association with X
Y=a+ b2

Equation 2
Declining productivicy
Y=a-bX

Equation 3

Decline after critical age

Y =a + bZ, when X < D
Y =a-bX, wvhen X3 D

EguafSOn b
Cumulative growth
Y =a+ bX

X

Equation 5

Beclining rate of increase
Y=a+b logX

Equation 6
Obsol escence ,
Y=a+h\N-"h N

1 2
X

Equation 7

Spurt
Y o=

a4

Equation 8

. 2 1
g+ hlh - l)z.\ 4+ h ;.\

X

Spurt-obsolescence
2

Yy = a+ blx - bzk ;

/NN

MODELS OF THE AGE-PRODUCTIVITY ASSOCIATION (X=AGE)

FIGURE 8.1
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+b.X° = bX
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Notice that this model is consistent with the accumulative-advantage
hypothesis; although the variation around the regression line would in-
crease 3s X increases if productive scientists accumulate advantages as

they age,

Equation 5 depicts Bayer and Dutton's 'declining rate of increase"
function, which assumes that the rate at which performance improves with
the experience or the accumulation of resources that often accompany
increased professional age declines over time. Thus, it reflects the
hypothesis that aging per se or psychological changes that accompany
aging, such as reduced motivation, increasingly attenuate the positive effect

of experience on scientists' performance.if
Y=3+b log X {s)

Equation 6, the 'obsolescence'' model, assumes an absolute decline with
age rather than the declining rate of increase assumed in equation 5. In this
model ; performance improves with age during the first part of scientists'
careers and then drops, either because of scientists' reduced vigor or
because declining economic or professional returns to performance reduce the

incentive to do research.

2
Y=2+bX-bX (6}

fquation 7, which Bayer and Dutton labelled the “spurt' function,
reflects the positive effects of experience and academic rewards, while
assuming a midcareer drop resuiting from increased administrative
responsibilities or a post-tenure slump. The bimodal curve assumes & re-

surgence of productivity and implies no deleterious effects of aging per se.

Y =23+ bX- bax? + b3X3 (7)

thany quite similar functions are possible. For example, Bayer and
Dutton {1977) presentzd the "leveling off'' function, an asymptotic function
of the form Y= a + b{1/X}, which implies that after some age additional
years of experience will yield no further payoff in productivity. This is
similar to equation 5, but the latter stipulates 3 declining rate of return
to productivity with increasing experience rather than a complete leveling
off. The theoretical literature provides no basis to expect the benefictial
effect of experience to disappear completely after some particular age.

2.4
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The final model, shown in equation B, includes both a midcareer spurt
and a decline at the career's end. This "spurt-obsolescence' model in-~
corporates theoretical assumptions of both the negative effects of aging
and the postive effects of experience and the academic reward system, while
also providing for a midcareer slump associated with specific career
events described above,

2 b

- - 3.
Y=a+bX-bX +bX - bX

The bimodal distributions in panels 7 and 8 of Figure 8.1 correspond to the

(®)

saddle-shaped curve referred to in the review of the empirical studies

that follows,

The propriety of a particular model obviously depends in part on the

specific performance measure under consideration, !
|

11. Evidence of the Relationship Between Age and Performance

€arly work by Lehman {1936, 1944, 1953) supported the commonly held
belief that scientific performance declines as scientists age. However,
Lehman’s work has been criticized on methodological grounds (Dennis, 1956a,
1966b, 1958, 1966; Zuckerman and Merton, 1972; S. Cole, 1979). Rather than
comparing the proportions of scientists in each of his age groups who
made important discoveries to see whether they diminish over time, Lehman
computed the proportion of important discoveries made by scientists of
different ages. Thus he implicitly--and erroneously--assumed an equal
proportion of scientists in each age group. In fact, it follows from the
growth of science over the last two centuries that scientists are dispro-
portionately young and that proportionately more discoveries will be made
by young scientists. Lehman also failed to consider the effect of dif-
ferential longevity on the distribution of achievements by scientists of
different ages. Scientists who die young can only be credited with achieve-
ments of their youth; had they survived, some would have produced important
work at later ages. |f all scientists were equally long-lived, Lehman

would have observed a more equal distribution of achievements.,

&9
&0
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Subsequent empirical work was flawed in other ways. Below, in
reviewing studies of the relationship between age and productivity, |
point out methodological shortcomings that mar much of the literature in
this area. After considering evidence for the association based on data

aggregated over scientific fields, | examine field-specific studies.

Pelz and Andrews (1966) observed a bimodal distribution for several
measures of scientific performance (including "scientific contributions"
and publ}ished and unpublished papers) for doctoral scientists empioyed
in research and development laboratories. The intervening slump occurred
earlier for scientists in research (between ages 45 and 43) than for
those in development (ages 50 to 54). Because the researcbers found
that at least moderate administrative loads did not interfere with sample
members' output, they concluded that reduced motivation was more likely

than administrative responsibilities to account for the midcareer Slump.

Blackburn, Beyhmer and Hall (1978) examined the association among
Ph.D. holders who were on college and university faculties. Among those
in high=prestige institutions, they observed the bimodatl *'saddle-shaped"
curve which Bayer and Dutton (1977) termed the spurt-obsolescence pattern
(equation B). Productivity peaked for scientists in their late 30's and

late 40's, with a slump in the intervening years. However, scientists

at lower prestige institutions did not show the bimodal pattern.

In the only study of eminent scientists reviewed here, Zuckerman (1977)
presented age-specific annual productivity rates for Nobel Laureates and
a matched sample of non-Laureates. Both groups showed the bimodal pattern,
although the peaks for the Laureates fell a haif a decade later than those
for members of the matched sample (and, of course, the Laureates outpublished

members of the matched sample at every age).

Discipline-Specific Studies

| discussed above several theoretical reasons why fields might differ
in the relationship between age and performance. Unfortunately, our ability
to test these predictions about field differences is hampered by the
scarcity of comparable studies using simiiar measures and equivalent samples

across scientific disciplines. Only Bayer and Dutton (1977) and S. Cole (1979)
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provide such analyses. Bayer and Outton's sample was composed of

5,000 Ph.D.-holding college and university faculty in seven disciplines.
The authors tested six models of the age-productivity relationship for
several measures of productivity (recent articles, lifetime articles,
books, number of works cited in the 1978 Science Citation lndex, pure

research orientation, time spent in research, number of jourpal subscrip-
tions and time spent consulting). Cole studied article and citation
rates for about 2,500 scientists employed in Ph.D.-granting departments
in six fields. Unfortunately, neither study took into account other
determipants of productivity besides discipline.

Physics. Bayer and Dutton (1977) report a weak spurt-obsolescence
pattern for their physicists' recent publicaiions (see Figure 8.2).2! The
publication rate of Cole's higher status physicists showed an obsoles~
cence pattern, with article productivity peaking between the ages of 40
and 4% and then declining gradually to about half of the maximum level.
Compositional differences between the two samples might account for the
discrepancy at the ends of these physicists' careers. The less productive
physicists in Bayer and Duttoﬁ's more heterogeneous sample might have been
more likely to retire from faculty positions at earlier ages. |If so,
those older physicists remaining would show an apparent upswing toward
the end of their careers. Although a nonlinear model provided better
fit to Bayer and Dutton's data than a linear one, it must be stressed that
age accounted for ltess than two percent of the variance in productivity,

and there is no reason to expect a stronger association in Cole's results.

Allison and Stewart's (1974) aggregate analysis of data for faculty
at Ph.D.-granting departments showed increasing inequality in the dis~
tribution of scientific productivity among older cohorts of physicists.
" This §s consistent with the accumulative-advantage hypothesis that predicts
increasing inequality in the distribution of resources and professional
rewards as scientists age and implicitly attributes productivity declines

among older scientists to reduced access to resources for research.

5/

~ Space |imitations preclude presenting resylts for any other
productivity measures. Bayer and Dutton (1977) showed that the patterns
for articles and citations typically differed, so these results cannot be
generalized to other measures of scientific performance.
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Astronomy. Gieryn's {1979b) study of 2,300 American astronomers who
had at least one article showed the obsolescence pattern for number of
publications with the peak occurring eleven to fifteen years after the
Ph.D. year. 1In a more detailed analysis of two specialty areas in
astronomy, Gieryn {1979a) found that recent Ph.D.'s were more likely than
older astronomers to move into these highly promising problem areas and

that they tended to be slightly more productive than older workers.éf

The Mational Science Board (1977) used experts to identify signifi-
cant advances during the past twenty years in astronomy, chemistry, math-
ematics, and earth sciences. The study reported that a disproportionate
number of the 21 astronomers whose work was judged to be ''innovative"
were under 35 years old. This finding and those for the other four
disciplines (described below) lend some support to the belief that especially

creative work Is done disproportionately by younger scientists.

Mathematics. Stern's {1978) analysis of data for 435 university math-
ematicians and the mathematiclians elected to the National Academy of
Sciences revealed a spurt function among the university mathematicians,
with peaks between the ages of 35 and 39 and after age 60, and the nadir
for those in their tate 40's.

An exception to the cross-sectional studies reviewed here is S. Cole's
(1979) study of the productivity of all 497 mathematicians who received
their Ph.D.'s in the late 1940's. Although he concluded that their pro~
ductivity did not decline significantly over the 25-year period, the data
showed a slight spurt-obsolescence pattern, with peaks five to ten and
fifteen to twenty years after the Ph.D. Cole found that the proportion
who published at least one paper and received at least two citations over
each five-year period was quite stable over the 25 years, but the propor~

tion who published nothing increased fron 38 percent to 61 percent.

The Nationat Science Board (1977) study of scientific innovations
found that ten of eigl.iteen significant advances in mathematics were by sci-

entists under 35, a group that included about two-fifths of all mathematicians.

Q/Gieryn recognizes the desirability of controlling for other factors
known to affect productivity and kindly consented to make these premature
results available when | lamented to him the lack of even zero~order studies
of the age=~productivity relationship within astronomy.
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Because these studies failed to control other relevant variables,
they provide very limited support for the common belief that age is

especially tmportant for creativity in mathematics.

Consistent with their hypothesis that increasing inequality in the
scientific reward structure generates inequality in productivity over time,
Allison and Stewart (1974) found more variation in article productivity
among their older cohorts of scientists, again suggesting the predominance

of social structural factors over tiological effects of age.

Chemistry. S. Cole's (1979) data showed an obsolescence pattern in
chemists' publication rates, with the highest rates for those in their
forties. The National Science Board (1977) study found that young chemists
were responsible for a disproportionate number of the 17 advancements
judges labelleg as major innovations. In yiew of the limitations in both

of these studies, no reason exists to expect consistent results.

Allison and Stewart (1974) observed the same pattern of increasing
inequality among their synthetic cohorts of chemists that they found for

physicists and mathematicians.

Biochemistry. The biochemists Bayer and Dutton (1977) studied were
the only group whose publication pattern showed a simple obsolescence
function consistent with both positive effects of experience and increasing
access O resources necessary to conduct research early in the career and
some deleterious effects associated with increased age. The peak occurred
about midcareer, slightly later than for the other disciplines they studied
{see Figure 8.2). However, as was true for all seven flelds, age was a poor
predictor of publication rate, acc~unting for only two percent of the

variance.

Biology. | could not locate any individual-level analyses of the
relationship between age and productivity among biologists. The pattern
for biologists in Allison and Stewart's (1974) aggregate-level analysis
differed from those for physics, chemistry, and mathematics, in that it
showed only a very slight increase in article inequality as the synthetic
cohorts ''aged.'" The authors suggest that this may be due to lower consensus

among biologists on important research questions and poorer communication




-213~

among practitioners which could inhibit an efficient allocation of rewards
according to merit so that scientists best able to convert resources into

future performance do not accumulate these rewards.

Earth Sciences. The age-productivity association among Bayer and

Dutton's (1977) earth scientists was of the spurt-obsolescence form, with
the first peak slightly more pronounced than the second (see Figure 8.2).
The data fit the curve better for earth scientists than most of the other
disciplines they examined, but age still accounted for only seven percent

of the variance in article output.

Young researchers were slightly overrepresented among those who had
made important innovations in the earth sciences in the National 5cience
Board (1977) study: researchers under 35 constituted only one~fourth of
the discipline but were credited with 37 percent of the important advance-

ments.

Geology- S. Cole's (1979) results show an obsoiescence curve for
geologists' publications. They peaked between ages 40 and 44 and declined

sharply for geologists over age 50.

Engineering and Chemical Engineering. Blackburn (1972) cites a 1969

unpublished study by Cantrell which showed research publications of engineers
in a single department dropped off after age 50, although other kinds of
productivity increased. Bayer and Dutton's (1977) sample of chemical
engineers in academic positions pubiished the most about ten years after

the Ph.D. and at tha end of their careers (see Figure 8.2). Again, however,

age accounted for an inconsesquential proportion of the variance.

Psychology. The psychoiogists whom $. Cole (1979) studied showed the
monotonic ''obsolescence' pattern similar to his sample of geologists
(although their peak productivity occurred slightly earlier, between the
ages of 35 and 45). On the other hand, the experimental psychologists in

Bayer and Dutton's {1977) sample showed the bimodal, spurt-obsolescence
pattern, with a fairlv strong slump twenty to twenty-five years after the
Ph.D., foliowed by a resurgence to aimost their former peak level (see
Figure B.2). The difference between the two samples in their specialty

or institutional location no doubt explains the discrepant results.

22/
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Economics. The results for Bayer and Dutton's (1977} economists were
quite similar to those for their experimental psychologists, except that
the first peak occurred slightly sooner and the length of time between the
two peaks was correspondingly greater (see Figure 8.2). However, in neither

field did the data fit the curve very well,

Sociology. The curve for Bayer and Dutton's (1977) sample of sociol-
ogists was the flattest, indicating little variation across age groups.
Insofar as the datas showed a pattern, it was of the spurt-obsolescence
form {see Figure 8.2). In contrast, S. Cole's (1979) results showed an
obsolescence function (which was true for almost all the disciptines he
considered) peaking between the ages of 45 and 49. In an earlier study,
Axelson (1959) found a similar pattern, except that the point of inflection
occurred slightly earltier--about fifteen years after the Ph.D. Here again
the greater heterogeneity of Bayer and Dutton's sample of college and uni-
versity faculty and the concomitant greater likelihood that unproductive
individuals would teave academic positions prior to the typical retirement
age of faculty in Ph.D.-granting departments may account for the discrepancy

between the findings of these studies.

Using a measure of association appropriate for linear relationships,
Clemente and Sturgis (1974) found a very weak negative relationship
between @ sample of sociologists' age and article counts. The clear mis-
specification of the form of the relationship renders this result of

ltittle value.

I1l. Methodological Problems in Existing Research

Most of the empirical studies reviewed above are flawed by one or more
methodological probliems. The major one follows from the atheoretical ap-
proach undertying most work in this area. Most studies are bivariate:
they fail to control statisticaliy for factors that might affect the form
of any relationship between scientists' age and their performance, such as
the calibre of their training, their early research experience, their
organizational location, their primary work activity, the availability of
resources, and rewards for research. Pelz and Andrews' (1966) study is an

exception. Many early studies faiied to take into account something as
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basic as field of study. In view of Bayer and Dutton's (1977) findings,
ignoring discipline vitiates the value of these studies. The generatiza-
bility of even those studies that tcok discipline into account is
questionable, in view of the omission of other important variables. Such
bivariate studies are particularly probliematic because of misleading
policy implications. To take one example, if oider scientists publish
less because they are called upon to carry out administrative duties, as
the number of older scientists increases, a smaller proportion would be
drawn away from research into administrative positions and the age-

productivity association would drop.

A second, equally serious problem characterizes most work on this
topic. With the exception of Bayer and Dutton (1977), studies that assessed
the strength of association between age and productivity used measures of
association that assume a linear association. The literature from Lehman

(1936) to Bayer and Dutton (1977) belies this assumption of linearity.

A third major fiaw is the failure of most studies to report the
magnitude of any association between age and productivity or to test the
hypothesis that any association based on sample data could have resulted
from sampiing error. Both S. Cole's (1975} and Pelz and Andrews' (1966)
work suffer from this weakness. In studies that measured the strength of
the association, the impact of age was trivial, never accounting for more
than seven percent of the variance in productivity. Although a weak as-
sociation might result from misspecification of the form of the relationship,
the zero-order effect of age would almost certainly be further attenuated
in more properly specified models that include demonstrated determinants
of productivity (a.g., primary work activity, institutional setting, and

research resources} which are usually correlated with age.

fourth, with the exception of S. Cole's (1979) study of mathematicians,
findings are based on cross-sectional rather than longitudinal data, so
age and generation {cohort) effects cannot be distinguished. Hence, the
age-productivity associations might be spurious, with generational dif-

ferences in socialization, access to resources, and so forth, actually
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responsible for older cohorts' lower productivity rather than their age.
Longitudinal analyses are also necessary to test the hypothesis that the
late-career spurt gbserved in some studies results from the selective

attrition of less productive researchers.

Fifth, most studies fail to consider the problem of measuring sci-
entific performance. Neither of the two most common Mmeasures=--recent
article and citation counts--perfectly captures the phenomenon of interest,
As scientists mature, they may change their publication patterns from
articles to other forms of productivity without a decline in their overall
contributions to their field. The validity of citations as measures of
productivity may also vary over time. Since citations are a8 function of
both scientists' professional visibility as well as the quantity and
quality of their publications, age-related changes in scientists' visi-
bility may affect their citation rates. Other measures such as the number
of lifetime pyblications are patently inappropriate unless cumulative
models are assessed, and that exercise would be ysefyl only under limited
circumstances. Although space does not permit a full review of studies
of other performance measures besides publications, evidence shows that
the form of the age-productivity curve depends on the performance criterion

examined (Bayer and Dutton, 1977).

Focusing on major scientific innovations rather than simpie publi-
cation counts may come closer to theoretical expectagions about deleterious
effects of age or beneficial effects of experience, but difficulties in

measuring innovations make considerable demands on researchers.
IVv. Conclusions

Despite the limitations in existing research, some general conclusions
regarding the relationship between age and productivity are possible.
First, neither linear nor other monoctonic models 2dequately described
the age-productivity association. In none of the discipl ines examined did
productivity either increase or decrease monotonically with age or exper=
ience. These results cast doubt on any simple aging effect, and it seems

safe to conclude that aging is not necessarily accompanied by reduced
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productivity. This is not to say that publication may not decline at
certain points during scientists’ careers. Depending on the characteristics
of the sample (lnstitutional affitiation, discipline, etc.), various non-
monotonic functions (“‘obsolescence', “spurt'' and “spurt-obsolescence'’)
appeared to offer the best description of the zero-order relationship
between age and productivity. Moreovir, at least the zero-order relation-
ships were often bimodal, with the first peak occurring about ten years
after the Ph.D. and the second as scientists approached the end of their
careers. These patterns are consistent with selective attrition in which
less product ive scientists are more llkely to retire early or shift into
nonresearch positions toward the ends of their careers. ©Oayer and Dutton
(1977) suggested that market factors, generational differences, and
selective attrition may all overlay any effects of aging. But here | should
reiterate that the magnltude of the observed effects of aging is quite

small and would presumably be attenuated further 'f (ppropriate predictors
known to be related to age were controlled.,

As theories of scientific performance suggest, various disciplines or
even different samples of scientists from the same discipline yield dif-
ferent results, The failure of any single function to best describe the
relationship for the seven fields Bayer and Dutton studied shows that
results cannot be generalized across disciplines. Discrepancies between
S. Cole's and Bayer and Dutton's findings for the same disciplines preclude

generalizing across populations within the same field.

The question of the effect of aging on performance has periodically
occupied observers of the scientific enterprise for half a century. It
si.i1] lacks a definitive answer. Only multivarfate studies of specifiz
disciplines based on longitudinal data that allow for nonlinear effects of
age will tell us whether aging per se exercises any independent effect on
scientists' performance. As the scientific population ages, the policy
implications of any age-performance relationship become increasingly
salient. Perhaps these policy questions will motivate well-crafted,

theoretically informed research.
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CHAPTER IX

THE FORECASTER'S ART AND THE '"'YOUNG INVESTIGATOR' PROBLEM:
WHAT WE HAVE LEARNED AND WHAT WE NEED TO KNOW

*
Fred E. Balderston
University of California, Berkeley

*
Michael S. McPherson
Williams College

The "young investigator'' problem presents us with an interesting
case study in the application of forecasting models to a significant
policy issue. When the {ommittee on fontimuity in Academic Research
Performance was called together to investigate this problem, its first
step was to convene a workshop in forecasting speciatists to help in
determining how much was known about the future academic demand for Ph.D.'s
in science and engineering. The Committee's work obviously involved much
besides the assessment of this quantitative information, including both
assessment of the significance for science vitality of changes in hiring
rates and the assessment of alternative policies. But plainlty, forecasts
of future demand were central to the Committze's work, and indeed to the

whole notion that a 'young investigator' problem exists.l!

This paper offers a retrospective look at the adequacy of the available
forecasts for answering the kinds of questions the Committee needed to
address. This brief paper is neither a comprehensive survey of the liter~
ature nor a fuli report of the proceedings of the Forecasting Workshop.

We aim simply to convey a sense of what the collective wisdom of the fore-

casters was able to contribute to an understanding of the ''young investigator'

*Fred Balderston chaired the Workshop of Specialists in Forecasts of
Demand for Sclentists and Engineers, by the National Research Council's (NRC)
Committee on Lontinuity in Academic Research Performance in Washington, D.C.,
March 31 and April 1, 1979. Michael McPherson directed the Committee's study.
The authors wish to thank Porter Coggeshall, Joseph A. Kershaw and
William C. Kelly for their comments. -

lfThe term ''young investigator' problem is a convenient and increasingly
familiar label, used for those reasons. But it may be something of a
misnomer, since at least as analyzed by the Committee on Continuity, the
relevant issue is more the decline in turnover and of new hiring in depart-
ments than the ''youth' of the faculty per se {(National Research Councit,
1979, chapter 3).
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problem, and of what the most significant limitations and uncertainties
in presently available forecasts seem to be from the standpoint of this

problem,

The hypothesized causal chain which leads to anticipations of a
"'wyoung investigator'' problem is this: basic scientific research is best
conducted and is mostly conducted in the universities; with the stabili-
zation and then potential decline of higher education enrollments,
universities will be able to hire young doctorates as new faculty only
as existing faculty resign, die, or retire, and some universities may
even have to reduce the number of faculty; in many fields, the age
distribution of existing faculty is skewed to relatively young age brackets
because of past concentrated hiring in the 1950's and 1960's, thus the
replacement rate will be low; thus, the universities can hire very few
young doctorates in most fields in the foreseeable future, unless such
hiring can be justified by needs, and financing, other than that based on
enrolIiment; the capacity to continue hiring new faculty is crucial to the
creative work of science and engineering departments in universities,
partly because of the strong research commitments, fresh training, and
possibly the unique creativlity of younger faculty, and partly because
university departments need '‘a continuing flow of new blood" to stay
current, innovative, and flexible. Therefore, the causal chain implies
that in the absence of some special intervention, the vitality of basic
scientific research will suffer in many fields because of the lack of

participation by young doctorates.

The oncoming supply of new young doctorates is projected to be much
larger in most fields than the academic hiring demand, most clearly for
the next four of five years during which graduate students already enrol led
will be in the pipeline. Students now deciding whether to embark on
graduate study in the sciences, however, may well decide in favor of more
attractive career alterpatives: in physics, mathematics, and some other
fields, numbers have already fallen in response to pessimistic career
expectations, but at least as worrisome as the question of numbers, for
the future, is the question whether the sciences will receive a high share

of the most gifted students. On the supply side, then, the hypothesized

9"}‘-
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causal chain is that short~term Supply of young doctorates will be more
than ample in relation to jobs in academic science, but for the longer

term, there may be cause for concern about future quality of new doctorates,
if not quantity. Also, if the universities cannot compete in salaries

and professional opportunities, they will, in future, fail to attract a

high share of the outstanding young doctorates. So much for the supply
side,

To what extent was the available forecasting literature able to
verify this chain of hypotheses on both the supply side and the demand
side of the question? What gaps and inadequacies in our projection methods

and results were revealed when that literature was examined?

!. The Basic Forces at Work

1t has to be said inmediately that the forecasters, both in writing
and in person at the Workshop, displayed a surprising amount of agreement
about the basigrforces at work in shaping the academic demand for science
and engineering Ph.D.'s, and even about the quantitative importance of
those forces. |In the manpower area and in other areas of forecasting,
much is made of disagreements among projections, and it is natural that
these disagreements should be the center of thought and attention. This
phenomenon can easily, however, lead to the wrong impression that our
disagreement is total and that we know nothing about the future. This is

far from the case.

Thus, in projecting the academic demand for science and engineering
Ph.D.'s, the demographic facts pertaining to both Students and faculty are
of paramount importance, and they are crystal clear. The college-age pop-~
ulation has moved from an era of rapid growth in the 1960's to somewhat
s lower growth in the 1970's to a sharp decline in the 1980's--a decline which
will ultimately reach 25 percent by the early 1990's. Even allowing for
possible rises in rates of college attendance in the traditional age groups
ard increasing enrollment of nontraditional groups, few observers expect
that enrollment trends will Ssupport more than at best a very modest growth
in total faculty size over the next !5 years. Thus, hiring of new faculty
to accommodate growth in the total higher education system, which has been

the most important source of hiring for the last two decades, is likely to
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be close to nonexistent for the next 15 years, At the same time,

rates of hiring of new faculty to replace those who retire or die will be
low, because the very rapid growth of faculties in the 1960's implies

that many presently tenured faculty are relatively young. This fact is
brought out in Figure 9.1, which compares the actual age distribution of
science and engineering faculty to a ''steady-state'' age distribution which

would result if faculty hiring rates did not fluctuate over time.

The combination of faculty and student demographics implies both low
"replacement' demand and low ''growth" demand for new faculty. A sketch
of the quantitative implications of these developments, drawn from data
in Kuh and Radner's paper in this volume (chapter 111), is shown in
Figure 9.2. Other studies may differ in the exact magnitude of the pro-
jected decline in faculty openings, but most informed observers--including

all of the participants at the Workshop--expect such a decline.

This broad agreement on the direction of change is not enough to settle
the key questions about the ''young investigator' problem, however, for two
quite different kinds of reasons. First, even if we knew all we wanted
to know, in full detail, about the future course of academic hiring (and
plainly we don't), we would not, from those data alone, know whether
those rates of hiring were ''good' or 'bad" for American science. How
important is it to have young scientists, or to have an influx of 'new
blood" into academic science departments? How important is it to research
vitality that young scientists work in universities, rather than industry
or government--or that young university scientists hold faculty positions,
rather than ''soft money' research positions of one sort or another? These
difficult questions were central in the report of the Committee on Continuity,
and the bearing of sociological research on some of them is discussed in
Barbara Reskin's paper in this volume (chapter Vil1). These questions,
however. reach beyond the forecaster's art, and beyond the scope of this

paper.

The second set of considerations is much more reievant to forecasting.

For knowing broadly that the basic forces at work in faculty labor markets
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point toward reduced demand still leaves open a number of questions which
are vital for policy:

e which scientific fields and which kinds of universities
and colleges will be most severely affected?

8 to what extent will the responses of universities and
other employers, and of actual and prospective faculty
members, to worsening market conditlons change the
expected outcomes?

¢ when will the expected declines in faculty hiring occur,
and how long will they last?

¢ what effect will the changing market <ituation have on
the quality and not merely on the numbers of new faculty?

All of these questions~-which we might label the problems of dis-

aggreqgation, behavioral response, time profile, and quality--have an

obvious bearing on policy. None of them, in the present state of the
forecasting art, can be answered with fyl) confidence. 1t is, in fact,
probably fair to say that it is less the case that forecasters disagree
about the answers to thess questions than that they agree that they don't

know much. In the next section, we discuss what we don't know and why.

It. Types of Uncertainty Underlying the Forecasts

Disaqggregation

Most observer including all the Workshop members, agreed that dis-
aggregation by field is important in assessing the seriousness of the
"'woung investigator' problem and in designing any young-investigator policy,
for the fields do differ in the likely severity and duration of decline
in hiring opportunities. Further, it is plain that disaggregated, field-

by-field administration of any policy, once adopted and funded, is essential

if really good effect is 1o be achieved. (Related to this, but going
beyond the realm of forecasting, is the need for much more detailed under-
standing of the pattern of organization of basic science and the place of
young doctorates in it, field by field; such understanding ought to be

a basic long-term objective of research into the social structure of scieace.)
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It is possible to obtain reasonably good {(though not fully adequate)
data on the current age distribution of doctoral faculty by relatively
broad fields {physics, mathematics, etc.), and from such data reasonable
estimates of replacement demand by field can be made. Projecting changes
in the number of faculty required for teaching is, however, much chancier
and less satisfactory. For some fields, the demand for teaching may be
closely tied to the number of majors, and projecting the future course of
undergraduate choices of major is not much more scientific than projecting
future hair styles. in other fields, including mathematics, much of the
teaching load is in service courses which are not taken mainly by majors.
in such fields, demand may be affected by broad shifts in choice of major
and by changing patterns of university '‘general education'' requirements.

Uncertainties about such factors put real limits on the accuracy of
long~term forecasts of demand for faculty in specific fields, and the
uncertainties become greater as fields are more narrowly defined. Perhaps
surprisingly, we know more about the future demand for faculty as a whole
than we do about the division of faculty among fields. The kind of
short~term forecasting by specific fields required to administer a program
like that proposed in the National Research Council (NRC, 1979} report is,
however, probably more feasible, because patterns of student choices are

unlikely to fluctuate widely over short periods.

More fundamental issues are raised by the problem of disaggregating
forecasts of faculty demand at different classes of universities and
colleges. Few observers expect the impact of declining college-age
population on undergraduate enroliment to be shared equally among various
categories of colleges and universities. There seems to be a general
view (though in our view, a doubtful one) that public institutions will
fare better than private, and a better grounded view that the more "elite"
and prestigious institutions in both the public and private sectors will

do better in maintaining their enroliments than other institutions.

Since it is apparent that a relative handful of institutions account

for the bulk of academic scientific research, and since disproportionately
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many of these institutions are in the 'el,te'" category, forecasts of
faculty demand disaggregated by class of institution would plainly be
desirable. Some work of this kind has been done in an ad hog way=--

for example, by Grodzins in the present volume (chapter V1) when he
assumes that physics enrollments in Ph.D.-granting institutions will

stay roughly constant and will fall significantly elsewhere. More system~
atic approaches to the problem will require 3 better analysis of the under-
lying patterns of student choice among institution types, and of responses
by different types of colleges and universities to changing conditions.

So far, the quantitative literature on enrollment demand has not proved
very helpful in this regard; the best available pieces remain speculative
and judgmental.g/

While trends in the size of the age-group population are important,
other factors also affect aggregate enrollment demand and its probabie
distribution by type of institution and even by undergraduate wajor. An
increase is projected in the proportion of ethnic and racial minorities
In the youthful population; historically, these minorities have had lower
than average college-going rates, as have children of low-income families.
Further, the sciences and engineering face special problems in this marked
environment both to attract minorities and to attract more women students,

traditionally a low enroliment component.

Differences in enrollment trends by geographical region are likely

to favor the Southeast, the Southwest, and the Far West. Private higher
education is relatively concentrated in those regions which are likely to
experience greater enrollment declines. The prominent research univer=-
sitles are quite heavily represented in the Hidwest and the Northeast.
These institutions will have to compete very vigorously for enrollment if
they are to fare well in maintaining faculty positions. Very few insti-
tutions are immune to changes in the depressant pressures on undergraduate

enrollment in their own region.

2'-IFor a useful informai discussion, see Carnegie Foundation for the
Advancement of Teaching, 1975. For a review of the literature, see
McPherson, 1978.
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Behavioral Responses

Institutions and individuals are likely to respond to the declining
academic demand for Ph.D.'s in ways that make more academic positions
available, thus partially offsetting the decline in demand. This can
happen in many ways: relatively lower academic salaries and perhaps
poorer working conditions wili cause some tenured people to leave
academic careers in search of greener pastures. (The availability of
nonacademic jobs will obviously vary across fields. A general worry
is that, in any particular field, professors who are more '"marketable'!
may also be more lively and interesting; academic science may tend
differentially to lose its more valuable peOpIe.) Universities, finding
professors cheaper, may employ more of them per student. (Rising costs
for energy and other items and the strenuous competition for students
wili, however, introduce a counterpressure on university budgets.) To
keep costs down and to keep up 3 steady flow of young faculty, more uni-
versities may adopt a kind of ''revolving door policy' for assistant
professors by making very few promotions to tenure. ({(Conceivably, this
could "solve® the ''young investigator' problem only to produce damage to
the morale of young faculty and rapid aging in the tenured ranks.) Finaily,
universities might replace non-Ph.D.'s on their faculties with Ph.D.'s
as Ph.D.'s become cheaper. (There is not much room for this at Ph.D.-
granting institutions.)

There is not much doubt that these behavioral responses are real; the
important question is how big and how fast they are, and to what degree
they may be offset by other forces. These are essentially empirical
questions, but they are extraordinarily hard to answer. The relevant
elasticity coefficients have to be teased out of historical data in which
everything varies simultaneously; Richard Freeman's paper in this volume
(chapter V) shows both the subtlety and imagination of some economists®
attempts to measure these affects, and the difficulty of getting fully
convincing specifications and reliable results. Further, it is particularly
dangerous to apply coefficients eftimated from the recent past of American

higher education to its future. The environment of higher education in the
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1980's will be so different from that of the 1960's that one suspects

that many behaviorsl coefficients and other features of the structure of
mcdels of higher education will change importantly in ways that are hard

to predict. One simple example: when engineering enroliments fell in

the early 1970's, more than one university feit able to maintain the

size of its engineering staff both because It anticipated an eventual
rebound of enroliments and because the university as a whole was reasonably
prosperous. It would be foclish to expect similar '"slack' In the ratlo of
faculty to students when enrolliment drops are more widespread at a uni-
versity and when budget stringencies are greater.

The obvious point that emerges from this Is the importance of being
clear about assumptions in doing forecasts, and the Importance of anaiyzing

the sensitivity of the results to changes in the assumptions.i/

Quality

Most observers expect the anticipated decline in demand for new faculty
in many science and englneering fields will lead to further declines in
relative faculty salariesﬁf and to increased competition for the jobs that
are available. The further worry is that this unfavorable labor market
may disproportionately discourage the more able potential scientists from
pursuing academic careers. A decliine in the quality of scientific personnel
might damage severely the effectiveness of both the teaching and research

efforts of colleges and uriversities.

in fact, one already hears quite a bit of speculation around universi-
ties that this phenomenon can alreaay be detected in some fields--both in
the career choices of the best undergraduates and in the quality of graduate
students and candidates for faculty positions. But this question has re-

ceived almost no systematic study.

Theoretically, a decline in the number of faculty job openings could

result in either a rise or a decline in the average ''quality' of those hired

3/

="AVlan Cartter (1976) remains an outstanding example of such work.
EIStudies by the American Association of University Professors and

others indicate that real faculty salaries have already fallen on the order
of 25 percent in the 1970's.
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{granting some measure of quality). For, while the tota! pool of candidates
is likely to shrink if job openings are fewer, the number selected from

the pool will shrink as weil. The key question is the relative responsive-
ness of more and less able potential faculty to a perceived decline in

job opportunities. And this can be argued either way: perhaps the more
able candidates will also prove more ''dedicated' and more confident of
ultimate success, and hence will continue to pursue academic careers; or,
perhaps the more able candidates also have the best nonacademic alternatives,
and so will disproportionately withdraw from the academic labor market,

Which effect will dominate is an empirical question that cannot be
settled a priori.

There seems to be no good reason why this question of relative re-
sponsiveness of students of differing abilities to changing conditions in
the academic labor market could not, in fact, be studied empirically.
This might be done in at least two ways. One approach is to relate changes
in the pattern of career choice among some well-defined group of high-
quality undergraduates (e.g., members of Phi Beta Kappa or high-ranking
graduates of prestigious colleges) to changes over time in salaries and
job opportunities among professions. Another approach {probably less
effective in isolating specifically the effect of changing job opportun-
ities on career choice of the more able) is to examine variation over
time in the 'quality"” (as measured say by Graduate Record Examination
scores) of entering classes of graduate students in various fields of
science.éf Given the vital importante commonly attached to high-quality
personnel in the performance of science, studies of this kind seem well

worth undertaking.
Timing

The expected downturn in academic demand for scientists is pretty
clearly a temporary phenomenon--likely to ease at least by the 1990's, when
enrol Iments and retirement rates are expected to have begun increasing again,

But exactly when, over the next 20 years, the downturn will be deepest is

less clear. It is often not appreciated, for example, that there is actually

2-/Ba'.r.in: data of this sort have been published for chemistry. See
Chemical and Engineering News, December 17, 1979, p.17.




-233-

a '""double dip" in the size of the I8 to 21-year-old population: there is
a large and abrupt drop in the early 1990's which makes the late 1980's dip

look relatively modest by comparison.

One key factor affecting the timing Is the relatlve Importance that
should be attached to, on the one hand, low retlrement rates and, on the
other hand, to declining enroliments, in forecasting faculty demand.
Retirment rates are at their lowest in most fields in the early to mid-
1980 "s and rise gradually thereafter; the serious declines in college-age
population do not occur until the late 1980's and early 1990's (see
Figure 9.2). Thus, the ''shortage' of openings produced by retirements
is a relatively pear-term phenomenon and relatively clear-cut; the effect
of demographic declines, though potentially more severe, is further
away and--especially for research universities which may be better

positioned to avoid enrol lment cuts--more speculative.

The uncertainties surrounding the time pattern of variations in
faculty demand have implications both for projection methodology and for
policy. Regarding projection methodology, there is the question {pressed
hard at the Forecasting Workshop by Gus Haggstrom) whether to report a
full series of annual projections (as Radner and Kuh do) perhaps imparting
a sense of spurious accuracy to projections of yearly fluctuations; or,
whether it is better to report only results for selected years {as the
NSF projec*ions do}. The disadvantages of the latter approach are, first,
that it suppresses what may be useful information about the overall *'shape'
of the time pattern, and, second, that picking out a single year may mis-
represent even average experience over a period of years when there are
significant annual fluctuations. On balance, it seems best to produce
and report annual projections, with large and prominent warnings that
taking annual fluctuations too seriously may be hazardous to the readers'
health.

On the policy side, uncertainties in the long-term time paths of
hiring variations pretty clearly imply that any policy aimed to counteract
adverse effects of these fluctuations must be flexible enough to allow for

read justment of conditions which diverge substantially from those expected,
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and further, that any such policy should be designed to terminate when
adverse conditions have ended. {t is probably also true, as David
Breneman argued at the Workshop, that--technical questions aside~-it 5
politically unrealistic to rely on a program which requires for its
effectiveness highly sophisticated calibrations of its funding levels to
annual fluctuations in forecasted market conditions. The Junior Scholars
Program was originally presented by Radner and Kyh in a way that implied

such sensitive calibration was essenttal.
i¥. Conclusion

This review of the problems of forecasting may be summed up with the
observation that there is a strong qualitative finding as to the future
direction of hiring and retention of young scientists in academic positions:
without some policy intervention, the number of those hired each year into
meaningful academic posts during most of the next decade or more will be
well below the recent hiring rates, and well below the numbers of new

doctorates seeking regular positions in academic science,

The size of the young scientist problem in the aggregate and for each
scientific field is, however, a resultant of many factors in combination.
There is a sizeable 2one of uncertainty surrounding hiring demand projections.
In addition, the timing of changes in the numbers of places available
annuaily is subject to uncertainties. Further intensive study of the
determinants of both demand and supply is5 very much needed, and such
study should in time enable policy makers to design more precisely targeted

and closely timed interventions than can now be designed with full confidence.

At the same time, the forecasting efforts that have been undertaken are
quite sufficient as a qualitative basic for policy interventions. The
forecasts currently available do give us a view of the future: but each
projection should be regarded as a statement that is conditional upon the

realization of a configuration of assumptions and estimated parameter values.

Because the basic direction of change is quite clearly evident from the
studies now available, we conclude that policy interventions are indeed

warranted. At the same time, the conditional character of the available
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forecasts makes it necessary to design these policy interventions so that
they will not depend too exactly on the accuracy of forecasts. In addition,
the need for further insight and evidence is clear, and it will be worth-
while to invest in continuing research and analysis of this problem, as

well as careful monitoring of the results of those new programs that are

adopted.

The uncertainties buttress the argument for stage-by-stage programming
of interventions to determine when to change the magnitude and composition
of these programs. This.approach should take adequate advantage of the
knowledge gained from forecasting and further analytical investigation of
the problem, and it should reduce what otherwise might be large overshoots

or shortfalls in the policy interventions that are adopted.
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